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PURS of bone arising on the bodies of the vertebrae with spon- 

dylitis deformans develop, according to many reports, because of 
stress applied to the vertebral column. The factors concerned with 
the growth of these adventitious bone tissues have been investigated, 
and excellent descriptions and summaries with large bibliographies have 
been published." The current opinion of spondylitis deformans as 
reviewed and stated by Lang provides a considerable number of the 
basic concepts mentioned as background material in our report. 

The term “spondylitis deformans” is used commonly in descriptions 
of these bone growths observed along the spinal column, although 
Schmorl preferred “spondylosis deformans” as more expressive of 
the nature of the disorder. The bone spurs appear on the anterior and 
lateral surfaces of the bodies of the vertebrae in consequence of changes 
in the elasticity of the intervertebral disks. These retrogressive changes 
in the tissues of the disks lead to softening, protrusion and even com- 
plete absorption. The posterior edges of the vertebrae, according to 
Schmorl and Junghanns,”* are not subject to stress such as occurs along 
the anterior edges, and hence spurs of bone do not develop there. In 
size the bone spurs range from small thickenings to those of consider- 
able dimension. Beneke** observed them mainly on the right side 
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1. (@) Beneke, R.: Beitrage zur wissenschaftlichen Medicin: Festschrift 
dargeboten den medicinischen Theilnehmern an der LXIX Versammlung Deutscher ' 
Naturforscher und Aerzte, Braunschwieg, Harald Bruhn, 1897, pp. 109-131. (b) uf 
Junghanns, H.: Arch. f. klin. Chir. 166:121, 1931. (c) Schmorl, G., and Jung- 
hanns, H.: Die gesunde und kranke Wirbelsiule im Réntgenbild, Leipzig, Georg 
Thieme, 1932. (d) Schmorl, G.: Arch. f. klin. Chir. 172:240, 1933. (e) Lang, 
F. J.: Arthritis deformans und Spondylitis deformans, in Henke, F., and Lubarsch, 
O.: Handbuch der speziellen pathologischen Anatomie und Histologie, Berlin, 
Julius Springer, 1934, vol. 9, pt. 2, pp. 265-368. Most of the pertinent literature 
is cited in this article. 
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of the lower thoracic and on the left side of the lumbar vertebrae. 
This, he explained, is due to the stress on the right upper extremity 
with various occupations which angulates the thoracic portion of the 
spinal column, with a concavity to the right and a corresponding lumbar 
scoliosis. Schmorl and Junghanns** observed opposite relations in 
the spinal columns of those who were left handed. 

The initial stages of bone spur formation appear in the third decade 
of life, occur about equally in men and women and depend on occupa- 
tion. The incidence of the growths increases with age, so that after 
seventy years more than 90 per cent of all human spinal columns are 
reported to have them. The new growth of bone begins as a triangular 
extension from near the edge of the vertebral body. It does not arise 
at the edge, according to the studies by Schmorl and Junghanns,’* but 
from the body below the edge, at a level where in youth the vertebral 
body and the cartilaginous intervertebral disk are in contact. Here the 
anterior longitudinal ligament bends away and only a few fibers extend 
to the bone at the cartilage margins of the adjacent vertebrae and the 
intervertebral disk. Stress on the tissues of the periosteal ligament **“ 
causes marginal growth at the level where the anterior longitudinal 
ligament again is attached firmly to the vertebral body. The firm union 
here between the marginal edge of the annulus fibrosus of the interver- 
tebral disk and the marginal edge of the body of the vertebra is loosened 
by stress, the outer ring layers of the annulus fibrosus of the disk are 
compressed and the fiber bands are torn. Some growths occur, accord- 
ing to Schmorl and Junghanns,’* when margins of adjacent bodies rub 
together following the disappearance of the intervertebral disk. 

Beneke ™ and Lang ** expressed the belief that the bone tissues 
grow because a decrease in the elasticity of the ligament renders it 
impossible for a unilateral force to be distributed to all sides of the 
spinal column. The inelastic tissues transmit applied forces forward, 
predominantly «in the direction originally received, and without absorb- 
ing the impact. Thus, more and more, the applied forces pass unchanged 
from one vertebral body to another, whereas under normal conditions 
these bodies are cushioned by the ligaments. The strengthening of 
certain bracing systems which follow the changes in the cushioning 
effect of the intervertebral disks involves all of the tissues participating. 
These are the cartilage margin of the intervertebral disk, the bone and 
adjacent marrow tissues and the periosteum. 


The thin layer of hyaline cartilage in the intervertebral disk border- 
ing the body of the vertebra is responsible for the physiologic growth 
in height of the body. This cartilage is in the center of the disk, and 
the margin has only isolated plates of cartilage in a fibrillar connective 
tissue, like tissues in many tendon insertions. These tendinous tissues 
are attached directly to the bone trabeculae of the vertebral body, while 
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the hyaline cartilage plate in the center closes the marrow spaces of 
the substantia spongiosa. 

Lang ** stated that the changes in the intervertebral disk and the 
resulting failure to equalize the various stresses, especially at the 
periphery, cause a slow growth of fibrocartilaginous tissues, which ossify. 
The fibrocartilaginous tissues of the periosteum also may participate in 
the growth of these bone spurs. The cartilaginous tissues frequently 


have an increased cell content and resemble those seen at the epiphysial © 


margins in youth. Similar tissues on the outer surface of the spurs 
consist mainly of fibrous stroma and cartilage and accordingly repeat 
phases of a physiologic growth of bone. The islets and strips of car- 
tilage encased in widely separated trabeculae of the bone spurs in 
spondylitis deformans are substantial additional evidence of this enchon- 
dral and subchondral growth process. Beneke, as early as 1897, stated 
that islets of cartilage widely scattered in bone trabeculae are strong 
evidence for concluding that the bone has developed through a process 
of enchondral ossification, and he clearly presented in his report this 
concept of the enchondral bone formation in the origin of the spurs 
associated with spondylitis deformans. 

Studies of the structure of the bone newly formed along the vertebral 
column in spondylitis deformans demonstrated to Schmorl, Beneke and 
Lang that the bone tissues arise through physiologic enchondral ossifi- 
cation of fibrocartilaginous tissues which have proliferated because of 
stress or trauma. These observations and conclusions are significant, 
because osseous tissues growing in muscles and in their tendinous inser- 
tions in consequence of trauma, dislocation, simple fracture of a bone 
or a minor injury have been found by Hirsch and Morgan? to pass 
through a similar, although perhaps more rapid, cycle of fibrocartilage 
proliferation and enchondral ossification into the quiescent bone stage. 
This disorder has been described under such terms as “traumatic 
myositis ossificans,” “parosteal calius” or others appropriately descrip- 
tive. Many theories,* some highly improbable, have been proposed to 
explain the development of bone in traumatic myositis ossificans. 
Meyenburg* stated that the nature and the cause of this disorder had 
not been clarified. He classified the lesions into (1) those following 
a single severe injury, such as a blow, a dislocation of a joint or a 
fracture of a bone, and (2) those appearing after repeated small traumas 
that occur to muscles in various forms of physical activities. He con- 
cluded from a review of the structures observed in these lesions that 
the bone develops partly from fibrous tissues and partly from cartilage. 


2. Hirsch, E. F., and Morgan, R. H.: Arch. Surg. 39:824, 1939. 

3. Carey, E. J.: Arch. Surg. 82:592, 1924. 

4. von Meyenburg, H.: Die quergestreifte Muskulatur, in Henke, F., and 
Lubarsch, O.: Handbuch der speziellen pathologischen Anatomie und Histologie, 
Berlin, Julius Springer, 1929, vol. 9, pt. 1, pp. 363-372. 
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The early phases of the lesions, he stated, have an excess of cartilage ; 
the later, a predominance of bone. After a lengthy comment on various 
published opinions, Meyenburg concluded that the bone in trauniatic 
myositis ossificans is a product of metaplasia in which muscle stroma 
definitely participates, and perhaps also the muscle fibers. Hirsch and 
Morgan obtained tissues from the lesions of 11 patients with traumatic 
myositis ossificans. Some of these were in the so-called “green” stage, 
and these authors were able to trace the evolution of bone through 
cellular fibrocartilage or cartilaginous tissues until, in the final stages, 
only small remnants of cartilage remained in the bone trabeculae. An 
inquiry into a matrix of fibrocartilaginous tissue which could give rise 
to the initial fibrocartilage proliferation led them to studies of tendon 
insertions, These reaffirmed statements in histologic descriptions of 
animal tissues that fibrocartilage is found commonly in tendon insertions. 
Hirsch and Morgan reasoned, accordingly, that in traumatic myositis 
ossificans bone develops through ossification of fibrocartilaginous tis- 
sues that have proliferated following a traumatic injury of the tendon 
insertions. After this reactive proliferation of the fibrocartilaginous 
matrix, the physiologic sequence of enchondral ossification occurs. 

The comprehensive studies of Schmorl, Beneke and Lang of the 
bone tissues found with spondylitis deformans and their conclusion that 
trauma causes fibrocartilaginous tissues to proliferate and subsequently 
pass through enchondral ossification bring this disorder into a common 
pattern of causation and structure with myositis ossificans, in which 
enchondral ossification was observed by Hirsch and Morgan, who like- 
wise concluded that fibrocartilaginous tissues stimulated to growth by 
injury or stresses are the essential, the basic tissue constituents of this dis- 
order. In spondylitis deformans the evolution of the bone elements 
is much slower than in traumatic myositis ossificans. In the former 
the effects of small repeated traumatic stresses gradually produce the 
new tissues, whereas in the latter a large single trauma or multiple 
smaller traumas initiate the process and cause a marked reactive pro- 
liferation of fibrocartilaginous tissues, which ossify and in a compara- 
tively short time reach the quiescent stage. 


To compare the bone tissues of myositis ossificans with those of 
spondylitis deformans and to reinvestigate the evidence of enchondral 
bone formation in the latter, 23 tissues taken from vertebral bodies 
with and without these changes were examined. The bone tissues 
were fixed in Zenker’s solution, decalcified and embedded in paraffin 
or celloidin (a concentrated preparation of pyroxylin). The sections 
were stained with hematoxylin and eosin. Tissues from vertebra¢ 
without the bone growths included tendon insertions, and in these were 
small masses of fibrocartilage (fig. 1). The sections of the new bone 
growths with attached soft tissues had, at the junction of the soft parts 
and the bone, cartilage and fibrocartilage in varying amounts. The 
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Fig. 1.—Photomicrograph illustrating fibrocartilaginous tissues in the tendons 
where these insert into the bodies of the vertebrae. x 198. 

Fig. 2.—Photomicrograph illustrating residues of cartilage in the trabeculae 
of the bone spurs that develop with spondylitis deformans. x 198. 
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larger exostoses had only small amounts of hyaline and fibrocartilaginous 
tissues; the smaller, perhaps more actively progressing, exostoses had 
much larger amounts. The trabeculae of bone in these, also, had irreg- 
ular residues of cartilage (fig. 2). Such residues of cartilage in many 
of the trabeculae of bone growths of myositis ossificans were considered 
especially significant by Hirsch and Morgan as evidence of enchondral 
ossification nearing completion. 

The trabeculae of the exostoses of the spinal column with spondylitis 
deformans thus bear evidence, as others have described and stated, that 
they arise through enchondral ossification. The evolution occurs over 
a span of many years, with minimal accretions of bone, until presumably 
adequate stress-resistant tissues are formed. With traumatic myositis 
ossificans the bone growth is not compensatory to a continuous stress 
but is rather a spurious fibrocartilaginous tissue reaction to a traumatic 
injury, eventually becoming differentiated bone as an end stage of physio- 
logic enchondral ossification. 

The observations and conclusions of others, supplemented by our 
own, that the exostoses of spondylitis deformans develop through 
enchondral ossification of fibrocartilaginous tissues stimulated to growth 
by stress are comparable with the descriptions and conclusions of Hirsch 
and Morgan concerning the bone formed in traumatic myositis ossificans. 
These studies and conclusions developed independently and by different 
authors reveal enchondral ossification as a normal sequence of traumatic 
proliferations of fibrocartilage in two disorders that have seemed to be 
entirely unrelated. 
SUMMARY 


Bone spurs develop along the vertebral column in spondylitis defor- 
mans through enchondral ossification of proliferated fibrocartilage, acti- 
vated to growth by the trauma of stress. 

The lesions of traumatic myositis ossificans evolve through a similar 
process of enchondral ossification in proliferated fibrocartilage. 

The bone spurs of spondylitis deformans develop along the vertebral 
column, in a sense, to compensate and strengthen ligaments weakened 
by continuous stress at their points of insertion. The bone growths 
of traumatic myositis ossificans are spurious growths, occurring in 
tendons or ligaments. traumatically injured at their points of insertion. 

The fibrocartilaginous tissues stimulated to proliferate by injury 
are normal constitutents of ligaments and tendons where these attach 
to bone. 

Accordingly, enchondral ossification occurs as a normal sequence 
of traumatic proliferations of fibrocartilage in the two disorders, spon- 
dylitis deformans and traumatic myositis ossificans, which have seemed 
to be entirely unrelated. 

Trauma is the accepted cause of each. 
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NEUROGENESIS OBSERVED IN A MIXED 
GRAWITZ-WILMS TUMOR 


CHARLES G. De MUYLDER, M.D. 
LOUVAIN, BELGIUM 


HE LEFT kidney was removed from a boy 3 years of age 

because of tumor. A mass like a goose egg was seen partly 
invading the inferior pole; this mass contained numerous little cysts 
(fig. 1). 


MICROSCOPIC OBSERVATIONS 


Several pieces of the tumor and of the kidney were taken for biopsy. Various 
technics were used: Masson’s trichrome method with aniline blue, Van Gieson’s 
method, Foote’s silver impregnation for reticulin and Rogers’ silver impregnation 
for the nervous system. Frozen sections were also made and stained with sudan 
III for lipids. 

On microscopic examination the tumor was very polymorphous; several fields, 
indeed, were highly characteristic of different types of neoplasm. 

A typical hypernephroma (Grawitz’ tumor) was present (fig. 2). The cysts 
(fig. 3) were mainly connected with that type; they formed spherical cavities 
lined by one layer of a neoplastic epithelium. This epithelium was sometimes 
very anaplastic in appearance and invaded the deeper structures; transitional foamy 
cells were observed, but this was not the rule; usually the anaplastic cells became 
pear shaped (9 by 36 microns) and bulged into the lumen of the cyst: their cyto- 
plasm was granular and was stained by both acid and basic dyes; the nucleus was 
elongated (20 by 6 microns) and showed grossly irregular chromatin. The basis 
of these cells was ill defined and vanished gradually between the underlying 
structures; it was sometimes characterized by a dark-staining expansion originating 
from the cell body in the vicinity of the nucleus and running toward the periphery 
in a translucent sheath. 

Also present was a sarcomatous area with very dense collections of small cells 
and tubular formations (Wilms’ tumor); the adenosarcomatous masses were 
separated by a loose mesenchyma. Fibrillar networks running between the cells 
of the blastema were apparent in several places. 

The fibrillar bundles extending through the adenosarcomatous areas and along 
the new-formed tubules were nervous: Their structure did not correspond to any- 
thing like collagen fibers or any form of connective tissue; the fine network was 
stained red by Masson’s trichrome method, whereas collagen is stained blue 
(aniline blue) ; by Van Gieson’s method it stained yellow, whereas collagen stains 
red; in Foote’s impregnation for reticulin the silver left this network quite 

Prof. E. Van Campénhout applied the silver impregnation. 

From the Institute of Anatomy (Prof. E. Van Campenhout, director), Uni- 
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untouched ; finally, Rogers’ silver impregnation technic for the nervous system 
electively stained these fibers black; this impregnation revealed at the same time 


the neuroblastic nature of several pear-shaped cells by showing neurofibrils in 
their cytoplasm (fig. 4). 


4 


Fig. 1—Cut specimen showing the normal superior pole of the left kidney, the 


tumor invading the inferior pole, with multiple cysts, and the sites of removal 
several portions of the specimen for biopsy. 


Fig. 2.—Photomicrograph: Both hypernephromatous (H) and adenosarcoma- 


tous (5S) conditions are present; there is no well defined tubular structure in this 
field. (Masson’s trichrome stain.) 


Fig. 3.—Photomicrograph. Anaplastic cells bordering a neoplastic cyst. 
(Masson’s trichrome stain.) 
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The basic element of the hypernephroma was not always as regular as described 
previously; this became evident on frozen sections when the typical distribution 
of fatty droplets appeared in cells which the more distant they were from the center 
of the area considered hypernephromatous the more different they were from the 
original type in shape: they became spindle shaped, although they retained their 
fatty constituent. Some of these spindle-shaped cells underwent another transforma- 
tion; i.e., they showed one or two very long expansions and became unipolar or 
bipolar cells; with the routine trichrome stain, the cytoplasm of such cells showed 
besides the empty vacuoles (which corresponded to lipids) a fine reddish 
fibrillar brush entering the main expansion, where the fibrils became pressed 
together and gradually lost their individuality ; usually one fibril was more obvious 
than its neighbors, staining black with hematoxylin; it could thus be followed as 
it coursed around the vacuoles up to the vicinity of the nucleus. Wherever 
these expansions were gathered in a bundle the disposition was such that one 
could not escape the impression that they formed a nerve tract. The various 
staining tests entirely confirmed this view: The fibers were never blue by 
Masson’s technics, never red by Van Gieson’s method; they were never impreg- 
nated by Foote’s silver method but were electively impregnated by Rogers’ silver 
method for nerve fibers (fig. 5). In mature cells one could see the typical 
neurofibrils twisting around the not less typical vacuoles; in younger cells the 
neurofibrils were well impregnated at the root of the expansion only. These observa- 
tions would suffice to prove the nervous connections of the hypernephroma but I 
had the good fortune to make several other observations which led to the same 
conclusion. 

As stated, the main cysts were connected with the hypernephroma, and some- 
times their epithelium showed a foamy cytoplasm; here and there this neoplastic 
epithelium broke through the basal membrane and budded in the underlying struc- 
tures. An instance must be described here: A cyst with a single layer of foamy 
epithelium (quite similar to the hypernephroma) produced by budding a large 
quantity of cells which, one by one, invaded the depth of the tumor, where they 
underwent typical changes; stained by the routine method, they appeared first 
of all to be spindle shaped, with a dark red homogeneous body; the deeper they 
got in the tumor, the larger they became; their cytoplasm got darker and lost 
its homogeneity to take the appearance of an ill defined network; expansions 
appeared in the majority of cases; Rogers’ method showed the extraordinary 
affinity of these cells for silver nitrate, also the nervous nature of the cytoplasmic 
network as well as of the expansions. These cells were sometimes very anaplastic 
(fig. 6). Another form of neurogenesis was thus present, originating from the 
hypernephromatous cysts and invading the deeper masses of the Grawitz tumor. 

To support the fundamental fact of nervous potentiality, many more docu- 
ments are available. I shall describe here just one more picture which is of special 
importance and leads to the next point: the true origin of the nerve elements. 


On serial sections I followed a band of tissue apparently enclosed in a col- 
lagenous sheath and showing several interesting features; this band consisted of 
small pear-shaped cells, each with a thin layer of dark red cytoplasm surrounding 
an oval nucleus; the first remarkable thing was that the sheath instead of being 
continuous showed several holes occupied by the blind extremities of such tubules 
as were produced by the Wilms tumor; the basal membrane of the tubules was 
lacking in the part which was inside the sheath; this disposition reenforced the 
intimate contact between the tubular and the piriform cells, the two of them not 
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only being in close relationship but also looking very similar indeed. The second 
feature was the appearance in the enclosed mass of sketches of balls and tubules 
morphologically indistinguishable from the peripheral nephrogenous tubules. These 
two points prove the essential connection linking the nephrogenous blastema to 
the pear-shaped cells through the tubular formations; this view is confirmed by 
the existence of all intermediate stages in the series of sections. The third point 


Fig. 4—Drawing: Originating from the adenosarcoma, a cell is seen filled 


with silver-impregnated this cell vacuoles make their appearance 
between the fibrils (Rogers’ silver impregnation.) 

Fig. 5.—Drawing: Typical neurohypernephromatous cell. (Rogers’ silver 
impregnation. ) 


concerns the evolution of some of the pear-shaped cells; their thin extremity grew 
longer and stained darker, becoming a real expansion, as described previously ; at 
its insertion on the main cytoplasmic body the dark expansion seemed to divide 
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_ Fig. 6—Drawing: Anaplastic cells filled with neurofibrils. (Rogers’ silver 
impregnation. ) 

_ Fig. 7.—Neoplastic invasion (N) of a capsular space; the glomerular tuft (7) 
is shrinking. (Masson’s trichrome stain. 
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into two tiny bands which ran in the outer area of the cytoplasm just inside the 
cellular membrane, where they formed a kind of exoplasm; they enclosed a much 
paler endoplasm, roughly triangular in shape. The next step might be the develop- 
ment of another expansion at the opposite pole (bipolar cells) or only an enlarge- 
ment of the unipolar cell; when this took place, more details became apparent: 
Very often a third dark band was then visible, extending from the bifurcation 
just referred to, as a supplementary branch, in the direction of the nucleus; in 
some instances its course became distorted by typical round and clear vacuoles, 
appearing in the endoplasm in the sameway as in the hypernephroma. The end 
result was a neurohypernephromatous cell just like the cells I described on page 453. 
Confirmation of this was given by silver impregnation; the modified cells showed 
an affinity for silver nitrate (Rogers’ method) which was in close relationship 
to the degree of fibrillar differentiation—the more mature cells showed typical 
black neurofibrils, while the younger elements displayed only a diffuse grayish tint. 
The Grawitz tumor and the Wilms tumor were fundamentally linked by a 
neurogenic potentiality; both neoplastic types derived from the same nervous 
stem, the Grawitz tumor being differentiated and the Wilms tumor embryonic; 
that both are also truly nephrogenic will be explained in the next paragraph. 
Examining, on serial sections, the transition between the kidney and the tumor 
I had the good fortune to find, next to fields displaying mostly sclerosis, numerous 
other areas demonstrating a process of neoplastic degeneration; this process 
originated in a zone where the normal nephron was reduced to a few remnants: 
the glomerulus with a short appendix of proximal convoluted tubule, and, at the 
other end of Bowman’s capsule, this very segment of the distal convoluted tubule, 
which was characterized by the presence of a “macula densa” in the angle of the 
afferent and efferent vessels. The closed segment of pars convoluta II became 
cystic, and its epithelium underwent anaplastic changes giving rise to exactly the 
same epithelium as was found in many cystic conditions of the hypernephroma 
described on page 452. In the meantime, the glomerular tuft degenerated and 
shrank, but the outer epithelium of Bowman's capsule underwent a striking change ; 
the process started exactly at the neck of pars convoluta I, and the neoplastic 
disease spread all over Bowman’s capsule; as a result, the capsular space was 
bordered (sometimes obliterated) by a neoplastic epithelium which was the same 
as the epithelium of the cystic pars convoluta II (fig. 7) ; the glomerulus becoming 
cystic after the disappearance of the vascular tuft would be indistinguishable from 
the other cysts of apparently different origin. In the next step the cystic epi- 
thelium proliferated through the basal membrane, forming small cellular cords 
invading the underlying connective tissue and eventually starting the whole process 
over again in pure neoplastic form. This was an adenosarcomatous type of con- 
dition with which the hypernephromatous type mixed gradually by every 
possible transitional form. The true nephrogenic origin of these otherwise neuro- 
genic tumors was thus evident; neurogenic elements must have been present 
(a) in pars convoluta II where it lies on the vascular hilus of the glomerulus (site 
of the “macula densa”) (Zimmermann! ; Goormaghtigh?) and (b) in the origin 
of pars convoluta I, at the neck of the glomerulus. The full description of the 
observations on the nervous constituents of the nephron will be published separately. 


1. Zimmermann, K. W.: Ztschr. f. mikr.-anat. Forsch. 32:176, 1933. 


2. Goormaghtigh, N.: La fonction endocrine des artérioles rénales, Louvain, 
Belgium, R. Fonteyn, 1941. 
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COMMENT 


The facts reported confirm Masson’s * description of the embryonal 
adenosarcoma of the kidney; they reveal also the true nature of the 
typical hypernephroma. This nature has been discussed by Grawitz, 
Birch-Hirschfeld, Stoerk, Sudeck and others. Recently Riopelle ‘ 
reviewed the subject of hypernephroma but did not make any reference 
to neurogenesis. To my knowledge,*nobody has ever brought forward 
any substantial evidence in favor of the neurogenic signification of the 
hypernephroma. It seems that considering the hypernephroma as a 
differentiated tumor of the neurogenic constituent of the kidney would 
explain the difficulty experienced by the authors in trying to classify 
it. It is of course a true renal tumor, but, more than that, it is a nervous 
tumor. The only possible origin of such a nervous constituent being 
the neural crest, it seems logical to ascribe it to this structure. One 
does not overlook a local origin from the mesenchyme, but one does 
not have any fact to support this hypothesis; on the other hand, one 
has some evidence in favor of the first one: The study of serial sec- 
tions from embryonic material (human embryos and pig and chicken 
embryos) suggests the existence of a loosening of the neural crest in 
the lumbar mesenchyme which might give rise to an ectomesenchyme 
(see also Van Campenhout*). This contribution of the neural crest 
to the constitution of the lumbar mesenchyme might afford a unifying 
understanding of the embryogenesis and the pathology of the various 
organs which develop in that region; this ectomesenchyme might par- 
ticipate in the development of the adrenal cortex, the renal parenchyma 
and the interstitial elements of the gonads. Indeed, all these organs 
are liable to the development of hypernephroma, which has been 
considered so far as originating from heterotopic adrenal tissue ; accord- 
ing to the suggestion made here, tumors of this type would represent 
a common histogenetic potentiality deriving from a common constituent : 
the ectomesenchyme. This view is in accord with Schiller’s * conclu- 
sions on the extension of the hypernephromatous potentiality along 
the urogenital fold. It meets some aspects of the hypothesis of Horta ‘ 
that the renal hypernephroma, being a tumor of the same class as 
certain neoplasms arising from near-by endocrine organs (cortex of 
the adrenal gland, ovary, testis), might be a tumor of the kidney. So far 
I have not found any relationship between this hypernephroma and the 


3. Masson, P.: Am. J. Cancer 33:1, 1938. 
4. Riopelle, J. L.: Rev. canad. de biol. 4:40 and 66, 1945. 
5. Van Campenhout, E.: Arch. de biol., Paris 42:479, 1931; 48:611, 1937. 
6. Schiller, W.: Arch. Path. 30:879, 1942. 

7. Horta, J. S.: Arch. espafi. urol. 11:115, 1945; abstracted, Internat. Abstr. 
Surg. 82:309, 1946. 
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cells first described by Ruyter * and studied silica tin’ by Goormaghtigh ? 
in cases of high blood pressure. 


SUMMARY 


The hypernephroma (Grawitz’ tumor), as well as Wilms’ tumor, has 
neurogenic potentialities ; the neurogenic constituent of both neoplasms 
derives from normal components.of the renal tubules; these compo- 
nents probably represent the contribution of the neural crest to the lateral 
lumbar mesenchyme. 


8 Ruyter, J. N.C.: Ztschr. f. Zellforsch. u. mikr. Anat. 2:242, 1925. 
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TISSUE CHANGES IN FUNGOUS DISEASE 


ROGER DENIO BAKER, M.D. 
BIRMINGHAM, ALA. 


UNGOUS infections are often spoken of as though the tissue 
changes which they cause were stereotyped. I wish to analyze 
this point of view and to show that there is, on the contrary, much 
variation. Observations made on a relatively large series of cases of 
all types of fungous infections show that there are many differences 
in the tissue changes. Even acute inflammation may be present. In 
the more chronie infections there is much variation in the kind of 
chronic reaction. Moreover, it is possible to group the fungous infec- 
tions according to types of tissue changes. Reemphasis is given to 
the suppurative aspect of the mycoses. 

An unusually good opportunity to make a study of this kind was 
provided by the Fungus Disease Registry, in which there had accumu- 
lated several examples of all the usual mycoses. The nomenclature used 
is that presented in the “Manual of Clinical Mycology.” * 

The tissue changes subject to tabulation were those of inflammation, 
necrosis and repair. The inflammatory reaction was subdivided into 
the features of suppuration, the macrophage reaction and the giant cell 
reaction. Suppuration was defined as an accumulation of neutrophils 
together with a liquefaction of tissue to form an abscess. Some atten- 
tion was given to other types of cells which might be intermingled with 
neutrophils but in smaller proportions, such as eosinophils, lympho- 
cytes or plasma cells. The macrophages and giant cells are probably 
to be thought of as an integral part of the inflammatory response, but 
they may also be considered as phagocytic cells quite apart from this 
participation. Caseous necrosis was rather like that observed in tuber- 
culosis. It showed the essential features of necrosis in the form of 


From the Department of Pathology, Medical College of Alabama (a division 
of the University of Alabama). 

This work has been made possible by grants made by the American Foundation 
for Tropical Medicine, Incorporated, to Duke University Medical School and the 
University of Alabama for maintenance of the Fungus Disease Registry. An 
abstract of this paper appeared in the American Journal of Pathology (22:644, 
1946). 

1. Conant, N. F.; Martin, D. S.; Smith, D. T.; Baker, R. D., and Callaway, 
J. L.: Manual of Clinical Mycology, ed. 1, Philadelphia, W. B. Saunders Com- 
pany, 1944, 
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karyolysis with varying amounts of karyorrhexis and pyknosis. Of 
course, necrotic cells were present in areas of suppuration, but caseous 
necrosis was tabulated only when truly of caseous type. Fibrosis was 
included in the tabulation whenever a fibroblastic repair process, with 
fibroblasts or collagenous connective tissue, was noted. 

The use of the terms “granuloma” and “granulomatous” has been 
avoided, since there is variation in the usage of these terms and since 
the fundamental components can be mentioned specifically. 

The changes occurring in the deep fungous infections are con- 
sidered first, because more information is available concerning these 
changes than those of the superficial infections. 

The tissue alterations could be grouped in five categories with 
respect to the features of inflammation, necrosis and fibrosis which 
have been previously mentioned, i. e., suppuration, macrophages, giant 
cells, caseous necrosis and fibrosis. 


GROUPING ACCORDING TO TYPES OF TISSUE CHANGES 


Group 1: All Features (Suppuration, Macrophages, Giant Cells, 
Caseous Necrosis and Fibrosis) Often Present—Four types of fungous 
infections are found in this group (table 1). 


The tissue reactions in human blastomycosis (North American) 
have been given special attention previously.? In that report it was 
pointed out that in the 23 cases studied, polymorphonuclear abscesses 
were always present. Giant cells were always present; caseation was 
present in the generalized and in many of the deep infections but was 
not noted in the cutaneous ones. Large mononuclear cells were by 
no means as prominent as neutrophils, but they were frequently observed, 
as were eosinophils, lymphocytes and plasma cells. Fibrosis was fre- 
quently prominent. In many lesions fibrosis occurring about abscesses 
had developed a heavy collagenous component. It was concluded that 
human blastomycosis was primarily pyogenic, with prominence of poly- 
morphonuclear neutrophils. A few lesions in some of the cases, espe- 
cially in the systemic group, closely resembled the lesions of tuberculosis. 

For the present study no additional tabulation of North American 
blastomycosis was carried out. 


A summary of 5 cases of South American blastomycosis showed 
the following changes: suppuration, plus or minus ; macrophages, 1 plus; 
giant cells, 1 plus; caseous necrosis, 1 plus; fibrosis, 2 plus. Lympho- 
cytes were prominent in a number of cases. (See figure 43 in the 
“Manual of Medical Mycology” for the neutrophilic reaction and 
figure 44 for the giant cell reaction.) 

Coccidioidomycosis was represented by 8 cases, as shown in table 1. 


2. Baker, R. D.: Am. J. Path. 18:479, 1942. 
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Giant cells and fibrosis were present in all the cases of coccidioido- 
mycosis. In 3 cases suppuration was absent. This does not necessarily 
mean that the primary reacting cell had not been the neutrophil but 
rather that the process had reached the stage of fibrosis. 

In a study of 95 cases of disseminated coccidioidomycosis Forbus 
and Bestebreurtje * show the presence of all the changes indicated in 
my group 1. They state: “The histologic character of the inflam- 
matory reaction varies greatly in any given lesion, and from lesion to 
lesion in the same individual, and appears to be determined chiefly by 
the number and the developmental stage of the organisms present in 
the lesion.” They noted a tendency for suppuration to predominate 
where free endospores occurred, and for macrophages and giant cells 
to be numerous about spores of greater maturity. 


Taste 1.—Fungous Infections with All Features Often Present (Suppuration, 
Macrophages, Giant Cells, Caseous Necrosis and Fibrosis) 


North American South American Sporotrichosis 


Blastomycosis Blastomycosis Coccidioidomycosis 
Microscopic Characteristics of Ooccidioidomycosis 


Oaseous 
Giant Cells Necrosis 


Suppuration Macrophages 


* Lymphocytes and plasma cells were often noted in the fibrous tissue. 


The tabulation of sporotrichosis was taken from 3 cases. In sum- 
mary they showed: suppuration, 1 plus; macrophages, 2 plus; giant 
' cells, 2 plus; caseation, 3 plus; fibrosis, 3 plus. Suppuration occurred 
in 2 of the 3 cases and caseous necrosis in all 3. The lesions of sporo- 
trichosis are well described as “gumma-like nodules, ulcers and abscesses” 
by Mackie, Hunter and Worth.* Caseous necrosis would seem to be 
rather conspicuous in sporotrichosis. 

Group 2: All Features Except Caseous Necrosis Often Present.— 
The types of fungous infections included in table 2 show suppuration, 
macrophages, giant cells and fibrosis, but caseous necrosis is not noted. 
Actinomycosis and nocardiosis, caused by the Pseudomycetes, belong 
here, as does maduromycosis, caused by the Eumycetes. Chromoblasto- 
mycosis also belongs here. 


3. Forbus, W. D., and Bestebreurtje, A. D.: Mil. Surgeon 99:653, 1946. 
4. Mackie, T. T.; Hunter, G. W., III, and Worth, C. B.: A Manual of 
Tropical Medicine, Philadelphia, W. B. Saunders Company, 1945. 
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{n a group of 6 cases of actinomycosis, suppuration was noted as 
4 plus, macrophagic response as 2 plus, giant cell response as 1 plus 
and fibroblastic response as 4 plus. Caseous necrosis was noted in 1 
of the 6 cases, indicating that this change may occur, though it is 
not characteristic. Giant cell reaction was noted in 2 of 6 cases. The 
purulent nature of actinomycosis is well known and manifests itself by 
large amounts of pus draining from the sinuses. The giant cell reaction 
of actinomycosis is usually not marked, but occasionally giant cells are 
found in apposition with the granules. The macrophages are often laden 
with fat. The lymphocytic and plasma cell infiltration is variable. It 
often occurs in the scar tissue. 


The tissue responses in maduromycosis (table 2) are almost identical 
with those in actinomycosis and nocardiosis. Moreover, plasma cells 
and lymphocytes are often present. 


TasBLe 2.—Fungous Infections with All Features Except Caseous Necrosis Often 
Present (Suppuration, Macrophages, Giant Cells and Fibrosis) 


Actinomycosis Nocardiosis Maduromycosis Chromoblastomycosis 
Microscopie Characteristics of Maduromycosis 


r 


Suppuration Macrophages Giant Cells 


* Plasma cells and lymphocytes were often present. 


Chromoblastomycosis, 4 cases, showed suppuration, macrophages, 
giant cells and fibrosis in all and caseous necrosis in none. Plasma cells 
were prominent in the fibrous tissue in 2 cases. Suppuration was 
prominent in 2 and minimal in 2. 


Group 3: Suppuration Usually Absent—Table 3 shows two types 
of fungous infection in which suppuration is usually absent. 

Sections were examined in 4 cases of histoplasmosis, and suppura- 
tion was noted in none. Probably cases are on record in which mild 
neutrophilic response has been seen, but it is not characteristic of the 
disease. Macrophages or reticuloendothelial phagocytosis was prom- 
inent in all. Giant cells were noted in 2 cases, fibrosis in 1 and caseous 
necrosis in 2. Generalized histoplasmosis frequently occurs purely as 
a cytomycosis, the organisms having been phagocytosed by the cells of 
the reticuloendothelial system, particularly in the liver, the spleen, the 
lymph nodes and the bone marrow. It is often like a storage disease 
rather than an inflammatory process. Where there has been conglomer- 
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ation of macrophages or reticuloendothelial cells containing parasites, 
there tends to be caseous necrosis. Fibrosis was noted in an ulcer of 
the tongue. 

Of 7 cases of cryptococcosis, suppuration was absent in 6. In the 
seventh case, in which there was a lesion of the shoulder, suppuration 
was noted as 2 plus. Thus suppuration may be present, but usually 
is absent. One case was observed in which there appeared to be no 
reaction of any sort except for the presence of a minimal number of 
lymphocytes. Giant cells were present in the other 6 cases, and fibrosis 
was noted in 5 cases. Lymphocytes occurred in the fibrous tissue. 
There appeared to be some relationship between the duration of the 
infection and the formation of giant cells and fibrosis. Caseous necrosis 
was noted in 2 cases. 

Group 4: Acute Inflammation and Necrosis —Table 4 shows two 
types of fungous infection in which acute inflammation and necrosis 
were noted. 


Taste 3.—Fungous Infections in which Suppuration Is usually Absent 


Oryptococcosis 


Histoplasmosis 


TasBLe 4.—Fungous Infections with Acute Inflammation and Necrosis Present 
(Macrophages, Giant Cells and Fibrosis Usually Absent) 


Aspergillosis 


Mucormycosis 


Sections obtained in 2 cases of probable mucormycosis of the brain 
and of the nose, with death after an illness of only several days, showed 
neutrophils in both cases and caseous necrosis in one. No macrophages 
or giant cells were present, and there was no fibrosis. 

In several cases of aspergillosis of the ear there was acute inflam- 
matory reaction about the filaments and spores. Other types of reaction 
occur in aspergillosis. For example, suppurative infarcts of the lung 
and abscesses of the vitreous of the eye have been reported.® 

Many other fungous infections would certainly be attended with 
acute inflammation or with necrosis if encountered at an early stage of 
invasion. Mucormycosis, however, is an especially good example of 
a fungous disease in which the duration of the process is so short that 
there is time only for acute inflammation and necrosis to develop before 
death occurs. 


5. Ash, J. E., and Spitz, S.: Pathology of Tropical Diseases: An Atlas, 
Philadelphia, W. B. Saunders Company, 1945. 
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Group 5: No Reaction, or Chronic Inflammation.—Some fungous 
infections are attended with no inflammatory reaction at all. This is 
true when infection of a nonvascular structure occurs, such as the skin, 
the hair or the nails. These same organisms, on occasion, may produce 
inflammation of deeper tissues. Moniliasis may occur in a similar 
fashion and produce the same types of reaction. 

The histologic change in this group may be that of chronic inflam- 
mation without suppuration, giant cells or fibrosis. As is clear from 
the clinical course, there must be a stage of acute inflammation. This 
is not usually observed, because of the difficulty of obtaining histologic 
material at this stage. In some cases in which the tissues are deeply 
penetrated by organisms of the dermatophytes, suppuration, giant cells 
and fibrosis do occur, as in sycosis barbae. 

Moniliasis is a fungous infection which tends to grow on surfaces, 
such as those of the mouth, the esophagus and the vagina. There may 
be extensive chronic inflammation, but the chief part of the lesion is 
often the mycelium itself. In rare cases of deep Candida albicans 


TaBLe 5.—Fungous Infections with No Reaction or Chronic Inflammation (Sup- 
puration, Giant Cells and Fibrosis Rare) 


Dermatomycoses of skin, hair, nails Moniliasis 


infection of the body, all of the tissue reactions of group 1 have been 
noted.* 

It is possible that allergic reactions contribute to the tissue changes 
in many of the mycoses. The dermatophytids appear to be primarily 
of this sort. They would be classified in group 5, occasionally in 
group 4. 

COMMENT 


Certain correlations can be made between the tissue changes and 
the following factors: 

1. Fungi as foreign bodies of large size. The fungi are Of large 
size and may exert their effect partly because they are foreign bodies. 
Around a splinter of wood in the tissues, for example, there are neutro- 
phils at first, giant cells next, and finally fibrosis. 

2. Location of fungus. This factor may have great influence on 
the type of reaction. Thus growth on hair, epidermis or nails produces 
no reaction and may represent an infection without inflammation. 
Growth deep in the epidermis may produce acute or chronic, so-called 
nonspecific, inflammation. Growth of any of the fungi deep in the 
tissues may produce suppuration or caseous necrosis, but not always. 
The lack of caseous necrosis in some infections may be due to the fact 
that necrosis is occurring so slowly that no large areas are produced. 
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Liquefaction advances rapidly enough to prevent the maintenance of 
coagulation necrosis. It is an old observation that liquefaction occurs 
chiefly in those areas where the neutrophils are numerous. 


3. Endotoxins and the chemical constitution of the organisms. The 
fungi lack the strong toxic effect which certain bacteria have, such as 
the streptococcus and the organism of diphtheria. However, when 
fungi disintegrate, they undoubtedly liberate endotoxin. Relatively little 
convincing information is present on the chemical constitution of fungi 
in relation to the type of tissue change. While blastomycetic phos- 
phatide repeatedly injected intraperitoneally into mice Caused cells of 
the monocytic series to respond, and single intraperitoneal injections 
of blastomycetic polysaccharide produced acute peritonitis in rabbits, 
there is question of the significance of these responses because of the 
time element and because of the type of animal used.*° 

4. Allergy. The role of allergy in the tissue change is difficult to 
evaluate. The allergic state is one in which the body is more sensitive 
to the endotoxins of the fungus than is the uninfected body. This is 
shown in tissues by more rapid and extensive necrosis and inflammation. 
Caseous necrosis may have some relationship to the development of an 
allergic response, but other factors, such as the necrosis of masses of 
parasite-containing macrophages caused by enzyme activity, may be 
equally important. The widespread necrosis of human sporotrichosis 
in the absence of demonstrable organisms speaks in favor of allergy. 

5. Chronicity of infection. This factor is of great importance in 
the production of the changes seen in the deep infections. Suppuration 
continues because organisms persist and continually die off ; macrophages 
and giant ‘cells gather, and scar tissue forms. Organisms frequently 
survive and even proliferate within macrophages and giant cells. 


From the observations of this report it is evident that no one tissue 
change is exclusively characteristic of, or pathognomonic of, fungous 
infection. Essentially all of the usual inflammatory and repair processes, 
and also necrosis, may occur. In the recognition or diagnosis of fungous 
infections some aid is provided by the type of tissue reaction. For 
example, chronic abscess formation should suggest the possibility of 
fungous infection. Caseous necrosis should also suggest fungous infec- 
tion, but it is not as characteristic a finding. Giant cells suggest fungous 
infection but this may not be present. 

If granulomatous inflammation is defined chiefly on the basis of 
participation of clusters of macrophages and giant cells, it seems clear 
that other features, such as suppuration and fibrosis, are equally char- 
acteristic of the fungous infections. If one thinks of granulomatous 
tissue as characterized by a focal type of reaction, such as the tubercle, 


6. Baker, R. D.: Am. J. Path. 18:463, 1942. 
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then some of the fungous infections are of this type; but the tubercles 
of fungous disease tend to have purulent centers in contrast to those 
of tuberculosis. 


SUMMARY 


When the microscopic appearances of fungous diseases were tabulated 
with respect to the degree of suppuration, macrophages, giant cells, 
caseous necrosis and fibrosis, the following observations were made: 
1. Several of the deep fungous infections, such as blastomycosis (North 
and South American), coccidioidomycosis and sporotrichosis, show all 
of these tissue thanges. 2. Others of the deep infections, such as actino- 
mycosis, nocardiosis, maduromycosis and chromoblastomycosis, show 
all of these changes except caseous necrosis, as a rule. 3. A few of 
the deep mycoses are not attended with suppuration. 4. Mycoses may 
run their entire course with only acute necrosis or acute inflammation. 
5. The superficial fungous infections often have no inflammatory 
response. On occasion they may have an acute or a chronic inflam- 
matory response, or even less commonly, all of the responses. 

It is concluded that chronic suppuration with fibrosis is probably 
the most general tissue change in deep fungous infections and that 
the neutrophil is more usually the primary reacting cell. In some 
instances, however, the macrophage or the giant cell may be the primary 
reacting cell. Factors which may be responsible for the tissue changes 
of fungous infections are the following: (1) the large size of the organ- 
ism acting as a foreign body, (2) the location of the fungus as to 
whether it is superficial or deep in the body, (3) endotoxins and the 
chemical constitution of the organism, (4) allergy and (5) chronicity of 
the process. 

No one tissue change seems to be entirely characteristic of, or 
pathognomonic of, fungous disease. 
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INCLUSION DISEASE OF INFANCY 


BERNARD KALFAYAN, M.D. 
BEIRUT, LEBANON 


HE FINDING of inclusion bodies in the tissues of infants has 

caused considerable interest and speculation. These bodies were 
most frequently found in the salivary glands and were identical morpho- 
logically with inclusions seen in the salivary glands of guinea pigs. 
. Occasionally they have been found in more than one organ, and rarely 
were they spread throughout the body. The latter condition has been 
referred to as the “inclusion disease of infancy.” 

In 1926 Cole and Kuttner? succeeded in isolating a virus from the 
salivary glands of guinea pigs containing inclusion bodies. This virus 
is now known as the salivary gland virus of guinea pigs. However, 
no one has yet been able to demonstrate a virus in the salivary glands 
of infants similarly affected. 

Von Glahn and Pappenheimer * in 1925, Farber and Wolbach * in 
1932, Cowdry and Scott * in 1935 and Kinney * in 1942 reviewed the 
literature and added reports of cases of their own. Kinney stated that only 
11 cases of the so-called inclusion disease of infancy had been reported, 
and he described a case of his own. I have been unable to find reports 
of new cases in the available literature after 1942. The present report 
is that of another case in which cellular inclusions were widespread in 
the viscera of an infant, with several observations hitherto undescribed. 


REPORT OF A CASE 


N. B., a 2% month old baby, was admitted, Nov. 25, 1943, to the ophthalmology 
service of the American University Hospitals of Beirut with bilateral acute 
conjunctivitis, marked edema of the eyelids and high fever. 

The parents had been married for six years and enjoyed excellent health. 
They had two other healthy living children, a boy of 6 and a girl of 4. There 
was no history of miscarriages, and the Wassermann and Kahn tests of the 
blood of both the parents and the children were negative. 

The mother, a healthy multipara of 24 years, had.an uncomplicated pregnancy 
and an easy delivery at home. The baby appeared normal at birth, took to 


From the Department of Pathology, School of Medicine, American Univer- 
sity of Beirut. 
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breast well and started growing normally. When he had reached the age of 
1 month, conjunctivitis developed in the right eye, which persisted in spite of 
local treatment, and after a few weeks the inflammation passed to the left eye. 
Soon an exudate appeared on the right bulbar conjunctiva, like a membrane, 
and the possibility of diphtheritic conjunctivitis was considered. Six injections 
of antidiphtheritic serum were given, without improvement, and shortly afterward 
the eyelids became swollen, closing the eyes completely. The child began cough- 
ing, high fever developed and two to three days later the patient was admitted 
to the hospital. 


On admission the positive findings were: bilateral conjunctivitis and edema 
of the eyelids, more on the right side; ground glass opacities of the right cornea; 
tracheobronchitis with possible consolidation of the lungs, although breathing was 
not unduly rapid or labored; spleen 3 cm. and liver 2 cm. below the costal arch; 
temperature 39 C. (102.2 F.); white blood cells, 22,700 per cubic millimeter, 
with 88 per cent polymorphonuclear neutrophils and 12 per cent lymphocytes. 
Culture of the conjunctival discharge of each eye revealed hemolytic streptococci. 
Culture of material swabbed from the throat showed hemolytic streptococci and 
Streptococcus viridans, Diplococcus pneumoniae and Micrococcus catarrhalis. Uri- 
nary findings (routine, microscopic and bacteriologic) were normal. Repeated blood 
cultures remained sterile. The Wassermann and Kahn tests of the blood were 
negative. 

Local treatment (mild silver protein and boric acid) was instituted for the 
conditions of the eyes and sulfapyridine was given. On the second day the 
patient’s temperature dropped to 38 C. (100.4 F.), but the following day it 
went up to 40 C. (104 F.) and a day later to 41 C. (105.8 F.), and the child 
became cyanosed and its abdomen distended. In the meanwhile, the conjunctivitis 
improved decidedly, and the respirations remained regular and easy. Sulfapyridine 
was substituted by sulfathiazole, 0.125 Gm. every four hours night and day, 
following which the temperature dropped abruptly from 41 to 36 C. (105.8 to 96.8 F.) 
within twenty-four hours. However, it then went up to 38 C. and remained 
at that level for two days, and thereafter it fluctuated between 37.5 and 38 C. 
(99.5 to 100.4 F.) for a week. During this period the child improved steadily, 
but the leukocyte count of about 16,000 per cubic millimeter and the fever could 
not be explained. Fluoroscopic and roentgenologic examinations of the chest 
showed clear lungs with moderately enlarged shadows at the hili. On the 
fifteenth and sixteenth days the temperature dropped further to 37 to 37.5 C. 
(98.6 to 99.5 F.), with corresponding clinical improvement. However, on the 
seventeenth day, for no apparent reason the child suddenly went into a state 
of shock, became cyanosed and remained in this state for twelve hours and died. 
During this period he changed remarkably from a healthy-looking child to a 
state bordering on marasmus. It was also during this period that attention was 
first drawn to the enlarged submaxillary glands. 

Autopsy (thirty-nine hours after death, the body having been preserved in the 
refrigerator at about 5 C.).—The body was that of an emaciated and cyanosed 
boy. The weight was 3,130 Gm.; the length, 4 cm. The right eye showed con- 
junctivitis and diffuse corneal opacities. The left eye appeared normal. Both 
submaxillary salivary glands were uniformly enlarged and congested. The thyroid 
gland was of normal size and shape but firm in consistency. The thymus was 
atrophic, particularly the right lobe. The trachea and bronchi were filled with 
hemorrhagic purulent exudate. The pleural sacs were normal. As to the lungs, 
both apexes appeared normal; the rest showed patchy consolidation with areas 
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of firni consistency. The tracheobronchial lymph nodes were enlarged and con- 
gested. The pericardial sac, the heart and the great vessels appeared normal. 
The peritoneal sac appeared normal. The stomach and intestines were distended 
with gas. The liver was uniformly and moderately enlarged and firm; its external 
surface was smooth, and the cut surface had a mottled appearance. The gall- 
bladder and the biliary passages were normal. The spleen was uniformly and 
moderately enlarged and firm; its surface was smooth. The adrenal glands and 
the kidneys were congested. The pancreas and the testes appeared normal. 


Tissues were fixed in a 4 per cent solution of formaldehyde and in Zenker’s 
solution to which solution of formaldehyde U.S.P. was added to a concentration 
of 5 per cent, and were stained with hematoxylin-eosin. 


The conjunctiva of the right eyeball was destroyed. The cornea, the palpebral 
conjunctiva and the sclerocorneal junction were infiltrated by numerous poly- 
morphonuclear neutrophils, eosinophils, large monocytes (many actively phago- 
cytic) and lymphocytes. From the sclerocorneal junction the inflammation could 
be traced outward into the episcleral tissues and the extrinsic muscles of the 
eye, where the lesions were of a granulomatous nature and located mainly around 
blood vessels, and inward to the ciliary body and the iris. There was a purulent 
exudate in the posterior chamber. The retina, the optic nerve and the lens 
were normal, 

Several hypertrophied cells with acidophilic nuclear inclusions (fig. 1) were 
seen in the sclerocorneal junction, the episcleral tissues, the ciliary body and 
in areas of a more chronic inflammatory reaction. There were no cytoplasmic 
inclusions in these cells. (The description of the inclusions and the inclusion- 
laden cells is given under “Comment.”) 


The submaxillary glands were congested. Many epithelial cells lining the 
acini and the ducts were markedly hypertrophied, projecting into the lumen, and 
contained nuclear inclusions; some of these cells also contained cytoplasmic 
inclusions (fig. 2). The inclusion-laden cells could also be found free in the 
lumens of acini and ducts. Mild periductal and periacinic fibrosis and lympho- 
cytic infiltration were seen where inclusions were present. Several ducts were 
distended with fluid, epithelial cells and lymphocytes. 


The thyroid gland showed marked fibrosis throughout, with atrophic and 
empty acini. Occasionally hypertrophied acinic epithelial cells were seen con- 
taining nuclear and cytoplasmic inclusions. 

The thymus was atrophic. 


The lungs showed extensive and varied pathologic changes. There was wide- 
spread bronchopneumonia with numerous streptococci and pneumococci, alternat- 
ing with areas of atelectasis. Here and there areas of fibrosis were seen with 
glandlike alveoli lined by cuboidal cells and with foci of small round cell infiltra- 
tion. In these areas there were numerous markedly hypertrophied cells with 
nuclear inclusions, and some of these cells also contained cytoplasmic inclusions 
(fig. 3). These cells were found either among the alveolar lining cells or free 
in the alveoli (fig. 4). There was also extensive lipid pneumonia with numerous 
lipophages in the alveoli, particularly well seen in the atelectatic and fibrotic areas 
(fig. 5). 

The tracheobronchial lymph nodes showed acute lymphadenitis. 


Throughout the liver numerous small scars appeared, frequently located around 
the central veins. Close to the scars and sometimes merging with them were 
foci of large mononuclear leukocytes with occasional granulocytes. There was 
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The stated magnifications are approximate. 

Fig. 1.—Sclérocorneal junction of the eyeball. Note the hypertrophied cell 
with a nuclear inclusion and a cytoplasmic vacuole. x 375. 

Fig. 2—Small duct of the submaxillary gland, lined by hypertrophied cells 
with nuclear and cytoplasmic inclusions. x 850. 

Fig. 3—Hypertrophied binuclear alveolar lining cell of the lung. Each nucleus 
contains one inclusion; the cytoplasm contains numerous inclusions. Note the, 
clear halo around one cytoplasmic inclusion. xX 1,200. 

Fig. 4—Pulmonary area of chronic inflammation and fibrosis with gland- 
like alveoli. Note numerous hypertrophied cells projecting into or free in the 
lumens of alveoli and containing nuclear inclusions. x 170. 
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Fig. 5—Lipid pneumonia. The alveoli contain numerous macrophages with 
vacuolated moth-eaten cytoplasm—lipophages. There is one hypertrophied cell 
with a nuclear inclusion and a well defined clear area (a vacuole) in the cyto- 
plasm. The racket-shaped hypertrophied cell is filled with cytoplasmic inclusions 
but has no nucleus—a “pseudocyst” (see discussion of cytoplasmic inclusions 
under “comment,” page 473). x 350. 

Fig. 6.—A hypertrophied cell with both nuclear and cytoplasmic inclusions in 
the center of a collecting tubule of the kidney. x 950. 

Fig. 7—A _ hypertrophied cell with both nuclear and cytoplasmic inclusions 
in an otherwise normal islet of Langerhans. x 1,200. 

Fig. 8—In this section of lung a hypertrophied cell on the right contains 
a compact aggregate of cytoplasmic inclusions but no nucleus, simulating the 
pseudocyst of Toxoplasma. Note another hypertrophied cell with nuclear and 
cytoplasmic inclusions, and numerous lipophages. x 380. 

The stated magnifications are approximate. 


471 


a4: 


472 ARCHIVES OF PATHOLOGY 


patchy congestion. In ten sections representing different parts of the liver only 
one hypertrophied cell with a nuclear inclusion was found among the epithelial 
cells of a small bile duct. 

The spleen was congested and showed mild fibrosis throughout. In five sec- 
tions examined two hypertrophied cells with nuclear inclusions were seen. 

The adrenal glands contained several large areas of coagulation necrosis near 
the central vein. In one such area numerous hypertrophied cells with nuclear 
inclusions were seen; here the central vein was thrombosed. However, similar 
cells were also rarely seen in the cortex with no evidence of inflammation 
around them. Here and there foci of small round cell infiltration were observed. 

The kidneys were congested. A few glomeruli were fibrotic. Occasional 
hyaline casts were seen in the collecting tubules. In the lumen of one otherwise 
normal collecting tubule, there was a free hypertrophied cell containing both 
nuclear and cytoplasmic inclusions (fig. 6). 

The pancreas did not show any lesions. However, in one otherwise norma! 
islet of Langerhans there was a hypertrophied cell containing both nuclear and 
cytoplasmic inclusions (fig. 7). 

The testes showed no lesions. 

Levaditi’s silver impregnation revealed no spirochetes on repeated examination 
of several sections of the liver, the lungs, the adrenal glands and the pancreas. 

In bacteriologic examinations, hemolytic streptococci and Diplococcus pneu- 
moniae were cultured from both lungs. Cultures of heart blood, liver, spleen 
and kidneys remained sterile. 


SEARCH FOR VIRUS 


The nature of the case not being suspected clinically or at autopsy, 
no attempts were made to demonstrate a virus in the tissues. However, 
when the mother had a subsequent delivery in the hospital, the placenta 
obtained was used for transmission experiments with the possibility in 
mind that there might be a congenital virus infection with the mother act- 
ing as carrier. The chorioallantoic membranes and the yolk sacs of devel- 
oping chicken embryos, guinea pigs and white mice were inoculated with 
a saline emulsion of sterile pieces of placenta. The results were entirely 
negative. 

COMMENT 

The Hypertrophied Cells and the Inclusions (table)—The hyper- 
trophy, affecting about equally the nucleus and the cytoplasm, was 
sufficiently definite to make detection easy under low magnifications. 
The average enlargement of the cell was about two to four times the 
normal, but on the whole it was more marked where cytoplasmic inclu- 
sions were also present. 

The nuclear inclusions were two to three times as large as the 
unaffected nuclei. They were round or oval, homogeneous, acidophilic 
bodies that were separated from the nuclear membrane by a clear halo. 
The remains of the nuclear chromatin were seen as coarse basophilic 
particles on or near the nuclear membrane. Variations from these 
characteristic inclusions were seen now and then. A tiny red droplet 
or a red streaklike structure in an enlarging nucleus was considered as 
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an early stage in the development of an inclusion, whereas disappear- 
ance of the clear halo, the central inclusion merging with the nuclear 
membrane and becoming more basophilic, was taken as evidence of 
degeneration of the inclusion. 

In a given nucleus only one inclusion was present. Multinuclear 
hypertrophied cells were seen most commonly in the lungs (figs. 3 and 4) 
and less frequently in the salivary glands and the thyroid gland. Each 
nucleus in such a cell contained one inclusion. In one such cell in the 
lung eight nuclei were counted, each with one inclusion. The multi- 
nuclear cells were formed by fusion of continuous cells, as partial fusion 
of adjacent cell walls could clearly be seen in several instances. 

The cytoplasmic inclusions were multiple spherical bodies, faintly 
basophilic, located along the cell wall opposite the nuclear pole. Although 
fairly uniform in size and shape in a given cell, they varied from fine 


powdery material (virus aggregate?) to typical globular inclusions in 
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different cells. Not infrequently the cytoplasm around the inclusions 
was vacuolated, and occasionally “moth-eaten” cytoplasm was seen with- 
out any inclusions. 

Frozen sections of the lungs stained for fat revealed, besides numerous 
lipophages, fat droplets in a few of the inclusion-laden hypertrophied 
cells, some of which also contained blood pigment. It was hard to 
determine whether these cytoplasmic contents were acquired by phago- 
cytic activity or resulted from cellular degeneration. Scarlet red and 
sudan IIT stains did not show any difference in the staining of the lipid 
droplets in the lipophages and in the inclusion-laden cells. However, 
osmic acid was not precipitated by the fat in the lipophages but was 
precipitated by the fat-in the hypertrophied cells. 

Cytoplasmic inclusions were present in cells containing nuclear 
inclusions and were not found in cells with normal nuclei. Occasionally 
in the lungs and the salivary glands a hypertrophied cell was seen filled 
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with cytoplasmic inclusions but with no visible nucleus (figs. 5 and 8), 
closely resembling the so-called pseudocyst of Toxoplasma as described 
by Sabin and others,® from which they could be differentiated, however, 
morphologically and by staining characteristics. These cystlike cells 
probably were formed by oblique sectioning of the cytoplasmic inclusion 
pole of the cell or by the degeneration or the extrusion of the nucleus 
as suggested for the pseudocysts. of Toxoplasma. 

The cytoplasmic inclusions were found only in the epithelial cells, 
i. e., cells lining alveoli, acini, ducts or tubules (submaxillary gland, 
thyroid gland, lungs, kidneys and pancreas) ; they were not found in 
the macrophages in areas of inflammation or in nonepithelial organs, 
where nuclear inclusions alone were found (eye, spleen and adrenal 
glands). 

The Significance of Inclusions——The most plausible and probable 
cause of inclusions, namely, viruses, has been contested in these cases 
mainly on the ground that no one has yet succeeded in isolating a virus 
from infant tissues containing inclusions. Moreover, the finding of 
inclusion bodies in the tissues—particularly the salivary glands—of 
syphilitic infants and in those who have died with clinical whooping 
cough, as well as the fact that inclusions have been experimentally pro- 
duced by the use of nonliving agents, has put the virus theory on a still 
less firm ground. 

The earliest reports (quoted by Farber and Wolbach) on inclusion 
bodies in the tissues of infants mention not infrequently the coexistence 
of congenital syphilis. In the present case syphilis was strongly sus- 
pected on the basis of histologic changes observed in sections of liver, 
lungs and eyeball, namely foci of fibrosis and chronic inflammation. 
However, syphilis was ruled out because of: (1) negative Wassermann 
and Kahn tests of the blood; (2) repeated failure to find spirochetes 
in silver-impregnated sections of liver, pancreas, adrenal gland and lung; 
(3) negative clinical and serologic findings in both parents and chil- 
dren (4) the maternal history of three normal pregnancies and no 
miscarriages, with a fourth normal pregnancy and delivery of a healthy 
baby a year after the death of the child under discussion. It is quite 
probable that in some of the early reported cases syphilis was diagnosed 
on histologic observations alone. De Lange‘ made the more cautious 
diagnosis of “probably syphilitic’ from histologic observations alone 
in a case in which the Wassermann and Kahn tests were negative 
and spirochetes were not found in the sections. All of this seems to 
indicate that the inclusions and the inflammatory changes are etiologically 
related. 


‘6. Sabin, A. B.: Recent Advances in Pediatrics, London, William Heine- 
mann, 1942, vol. 1, pp. 1-56. 
7. de Lange, C.: Virchows Arch. f. path. Anat. 287:276, 1922. 
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Rich * and McCordock ® were among the first to report the finding 
of intranuclear inclusions associated with whooping cough. Kinney 
reported finding intranuclear inclusions in the lungs at 4 and in the 
salivary glands at 2 autopsies of infants suffering from whooping cough ; 
cytoplasmic inclusions were present only in the salivary glands. Ina 
series of 35 cases of pertussis cited by Kinney, intranuclear inclusions 
were found in the lungs or the parotid glands in 16 per cent. The 
significance of inclusions observed in the lungs and the salivary glands 
in cases of pertussis remains undetermined. Furthermore, there is no 
clinical or bacteriologic evidence that the child under discussion was 
suffering from whooping cough. 

Several investigators have succeeded in producing inclusions in 
animals through the use of nonliving agents. Olitzky and Harford *° 
claimed to have produced intranuclear inclusions morphologically indis- 
tinguishable from the amorphous acidophilic virus inclusions by inject- 
ing aluminum oxide into guinea pigs. Their work was later confirmed 
by Birch and Lucas." However, judged from the photomicrographs, 
the inclusions they produced differ from the salivary gland inclusions 
of guinea pigs and from those observed in the present case in several 
important aspects. The nuclear and cellular hypertrophy are not so 
marked, the nuclear inclusion are not so large and uniform, and cyto- 
plasmic inclusions are absent in their cases. In the present case the 
child apparently had not received any chemical substance fhat could 
be accused of having produced inclusions, according to present day 
knowledge. 


The morphologic similarity between the salivary gland inclusions of 
guinea pigs and those of infants has naturally led to the conclusion that 
the latter were also produced by a virus. McCordock and Smith ** and 
Kuttner and Wang ** failed to obtain a virus from infant tissues con- 
taining inclusions. Adams ** reported similarly that no virus could be 
recovered from the lungs of infants suffering from so-called “primary 
virus pneumonia” though cytoplasmic inclusions were seen in the 
bronchial epithelial cells. These failures cannot be taken as evidence 
against the virus theory, because of adverse experimental conditions 
resulting from lack of clinical signs suggesting the nature of the patho- 
logic condition. The finding by Farber and Wolbach of inclusions in 


8. Rich, A.: Bull. Johns Hopkins Hosp. 51:346, 1932. 

9. McCordock, H. A.: Proc. Soc. Exper. Biol. & Med. 29:1288, 1932. 

10. Olitzky, P. K., and Harford, C. G.: Am. J. Path. 18:729, 1937; Proc. 
Soc. Exper. Biol. & Med. 38:92, 1938. . 

11. Birch, F., and Lucas, A.: Am. J. Path. 18:1051, 1942. 

12. McCordock, H. A., and Smith, M. G.: Am. J. Dis. Child. 47:771, 1934. 

13. Kuttner, A., and Wang, S. H.:. J. Exper. Med. 60:773, 1934. 

14. Adams, J. M.; J.A.M.A. 116:925, 1941. 
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the salivary glands of 12 per cent of infants in their series of 183 
autopsies leaves little doubt that the condition is far from being rare. 
If it is caused by a virus, the chances of recovering the virus would 
probably be great if routine transmission experiments were carried out 
on such large series. 

SUMMARY 


A rare case of “inclusion disease of infancy” is described, with the 
clinical and postmortem findings. The significance of inclusion bodies 
is considered. 

The inclusions were found in the submaxillary salivary glands, the 
lungs, the thyroid gland, the eye, the adrenal glands, the spleen, the 
pancreas, the kidneys and the liver. 

The findings in the case were (a) lesions of the eye, the liver and 
the adrenal glands and (b) the presence of hypertrophied cells with no 
visible nuclei but with multiple cytoplasmic inclusions, simulating the 
“pseudocysts” of Toxoplasma. 
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PRIMARY MELANOBLASTOMA OF THE CEREBELLAR 
LEPTOMENINGES WITH WIDESPREAD 
EXTRACRANIAL METASTASES 


Report of a Case 


RICHARD M. STRONG, M.D. 
KANSAS CITY, MO. 


ee nearly a century has elapsed since the first invasive 
melanoma of the meninges was reported, this tumor still is held 
to be a rarity in oncology. In 1935 Akelaitis* published a compre- 
hensive review of the literature and an additional case. Since that time 
there have been only sporadic reports of cases of primary meningeal 
invasive melanoma. Schnitker and Ayer? abstracted reports of 30 
cases and added a case of their own in 1938. In the two succeeding 
years, 4 cases were reported, 2 by Jiitte * and 2 by Ray and Foot.* Since 
1940 there have been three reports, those of Christensen,’ Mackay and 
Hurteau*® and Neubuerger, Daniels and Draper." In the last two 
reports, the tumors were not thought to have their primary origin in 
the leptomeninges. A review of the reports made since 1935, therefore, 
reveals a total of 36 cases of cancerous melanotic tumor taking origin 
from the leptomeninges. In these cases the tumor showed either invasion 
or metastasis or both. In the majority of these cases no metastatic 
deposits were found outside the central nervous system, the exceptions 
being the cases reported by Boit* (liver and spleen), Ehnmark and 
Jacobowsky ® (liver) and Foot and Zeek *® (lungs—2 cases). 

It is the purpose of this paper to present a case of malignant melano- 
blastoma of the cerebellar meninges in which there were amelanotic 


From the Department of Pathology, Veterans Administration Hospital. 
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metastases in the skin, lymph nodes, the left lung, the right adrenal 
gland and the stomach. 


REPORT OF CASE 


A 49 year old white man first entered Wadsworth Veterans Hospital on April 4, 
1946 complaining of abdominal distention. The past history of the patient and 
that of the family were noncontributory. The illness began March 25, 1946 with 
abdominal cramps, nausea and vomiting. These symptoms persisted for two days, 
opiates being administered for relief of pain. He was finally taken to Independence 
Sanitarium and Hospital, Independence, Mo., where he was operated on by Dr. 
Raymond Gard. On communicating directly with Dr. Gard I learned that an 
inflamed Meckel’s diverticulum had been removed and a volvulus around a fibrous 
band in the right lower quadrant of the abdomen released, that gross and micro- 
scopic examination of the diverticulum had shown nothing but acute inflammation, 
that the postoperative course had been uneventful, and that the patient had been 
discharged. 

When the patient was examined on entering this hospital, the positive findings 
were limited to the abdomen, which was distended, showed a well healed midline 
scar and a reducible right inguinal hernia. The red blood cell count was 4,740,000, 
and the hemoglobin content was 91 per cent. Other laboratory findings were nega- 
tive, as were the results of roentgen examination. Miller-Abbott decompression 
was instituted as well as parenteral administration of fluids. The patient responded 
well and was discharged on April 16, 1946. 

He reentered the Wadsworth Veterans Hospital on October 3, complaining of 
continuous pain of the left side of the chest. During the interval he had noticed 
no symptoms until three months prior to admission, when he fell from a horse and 
injured the left side of his chest. The chest was taped for some time, but he 
experienced no relief. He stated that although he had gained weight since his 
previous admission, he had lost 15 to 20 pounds (6.5 to 9 Kg.) in the past three 
months. 

The patient was a well developed, undernourished white man, 5 feet 8 inches in 
height. (172.5cm.) and weighing 136 pounds (61.5 Kg.). His temperature was 
100.2 F., pulse rate, 110; blood pressure, 110 systolic and 70 diastolic; respirations, 
20. He presented a picture of recent loss of weight and a somewhat cachectic 
appearance. There was complete flatness to percussion over the left side of the 
chest with absence of breath sounds and absence of vocal and tactile fremitus. A 
roentgenogram of the chest showed increased density in the upper lobe of the left 
lung and a pleural effusion with a fluid level at the fourth rib anteriorly. A barium 
sulfate meal and a barium sulfate enema revealed a marked narrowing of the pelvic 
bend of the colon, but otherwise nothing remarkable. The red cell count was 
2,870,000; the hemoglobin content, 56 per cent; the white cell count was 17,400, with 
a shift to the left; the sedimentation rate was 15 mm. per hour (Westergren). 

On October 5, thoracentesis of the left side was done, and 1,250 cc. of blood-tinged 
fluid was removed. No tumor cells were found in the stained sediment. Daily 
blood counts showed increasing anemia and a gradual fall of the white cell count. 
On October 14, a nontender small hard nodule occurring above the left clavicle was 
discovered, and a small hard mass, measuring 2 by 3 cm. was encountered to the 
left of the umbilicus just lateral to the old midline scar. Neither of these had 
been noticed on entry, and the patient had been aware of them for only two days 
prior to their discovery on October 14. October 15, a biopsy specimen was taken 
from each of these areas. 
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The microscopic examination of the mass in the neck revealed a highly cellular 
and partially necrotic tumor replacing a lymph node. The markedly anaplastic 
cells were arranged in sheets and bands, separated by thin strands of fibrous 
septums. They were polyhedral, with pale pink-staining cytoplasm and bizarre- 
shaped nuclei showing both hyperchromatism and hypochromatism (fig. 1). Many 
mitotic figures were encountered. The specimen taken from the abdominal wall 
showed essentially the same picture. ; 


Fig. 1—Low power photomicrograph (x 135) showing melanoblastoma in 
a cervical lymph node. Note diffuse growth of anaplastic tumor cells largely 
replacing the gland. 


The patient grew progressively worse, and even repeated blood transfusions 
failed to raise the red blood cell count above 1,500,000. November 4, he began 
vomiting large amounts of blood, and he died on November 5. : 

Necropsy (four hours after death)—Other than passive congestion of the 
viscera, the changes observed were of a neoplastic nature. On examination of the 
surface of the body, hard, matted nodes were palpated in the left cervical region 
and both inguinal regions. Just beneath the skin to the left of the umbilicus was a 
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firm mass, measuring 6 by 6 cm. Cut section showed it to be highly cellular in 
appearance, with color ranging from white to light brown. 

The left lung was the site of a metastatic tumor incorporating the upper lobe and 
measuring 6 by 9 cm. This tumor extended partially around the trachea and the 
ascending aorta and involved the left hilar lymph nodes. 


Fig. 2—High power photomicrograph (x 600) of cerebellar melanoma show- 
ing a solid mass of tumor cells. Note the marked nuclear changes and mitotic 
figures. 


The right adrenal gland showed its superior portion replaced by a‘ firm tumor, 
2 cm. in diameter. 

The abdominal cavity revealed widespread tumor invasion of the mesenteric and 
retroperitoneal lymph nodes, these being both matted and discrete. All these 
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metastases were whitish gray and firm in consistency; many showed areas of 
softening and hemorrhage. The stomach had an ulcerous tumor deposit, 3 cm. 
in diameter, on the lesser curvature 4 cm. from the pylorus. Two smaller nodules 
were invading the gastric wall. These were discrete pinkish red tumors, showing 
no deposition of pigment. : 

The cerebral parenchyma and meninges were not remarkable. However, serial 
sections of the cerebellum brought out a small brownish black area adjacent to the 
vermis on the left side. This occupied anatomically a part of the biventral lobe and 
was irregular in outline, measuring 1 by 1 by 1.5 cm. The mass was soft, and its 
resemblance to an area of hemorrhage could not be dismissed. Although it was 
strongly suspected of being the primary tumor, proof of this area’s malignant 
properties was not obtained until microscopic sections were examined. 

Microscopic Examination—Histologic changes other than those referable to the 
tumor and its metastases included mild prostatic hypertrophy, mild passive con- 
gestion of the liver and the spleen, and cloudy swelling of the kidneys. Portions 
of the lungs not invaded by tumor revealed pulmonary edema and small areas of 
atelectasis. 

The tumor, in all the invaded organs, as well as in the cerebellum, presented a 
picture of a highly cellular growth with scanty stroma and large areas of necrosis. 
The cells, for the most part, were arranged in fairly well circumscribed groups or 
sheets, surrounded by a thin border of strandlike, spindle-formed stroma cells 
(fig. 2). No arrangement suggesting direct association with blood vessels could 
be made out, but in all the areas invaded by tumor the vessel walls were sur- 
rounded by tumor cells. Several nests of anaplastic cells were encountered in the 
lumens of vessels. 

The cells were likened to those of one type of tumor described by Ewing, 
being large round or polyhedral cells with relatively pale cytoplasm. Many 
bizarre-shaped nuclei were encountered, some showing hyperchromatism and some 
hypochromatism. Mitotic figures were numerous. The fibrous-like stromal ele- 
ments were relatively sparse, being crowded out by the remarkable cellularity of 
the growth. 

In the .cerebellum the tumor was rather well demarcated, being bound by 
the meningeal folds of the cerebellar sulci. Necrosis of the tumor was evident 


in several areas, these showing strands of fibrin, blood and anuclear cellular — 


remnants. Definite deposition of brownish black pigment was evident in the 
tumor cells adjacent to the meninges. Iron stains revealed part of this pigment 
to be hemosiderin, but many granules located in the tumor cells were untouched 
by the deposition of iron and retained the black color. Silver stains done accord- 
ing to Foot’s modification of Bielschowsky’s method showed definite fibrils con- 
necting the tumor cells with the adjacent leptomeninges (fig. 3). These fibrils 
had the same appearance as those described by Foot and Zeek, arborizing about 
the tumor cells in a dense network. Furthermore, the granules within the tumor 
cells stained a deep black, giving additional support to the belief that melanin 
was present. Iron stains were done on the metastatic lesions, and section of a 
perirenal node revealed a few scattered cells containing coarse black granules 
which did not take the blue color of the iron stain. In no area did the stroma 
show deposition of pigment such as is frequently noted in melanotic tumors. 
The stomach showed tumor cell invasion throughout all layers, these being 
destroyed and infiltrated by large, markedly atypical cells. 


11. Ewing, J.: Neoplastic Diseases, ed. 4, Philadelphia, W. B. Saunders 
Company, 1940, p. 955. 
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Section of the right adrenal gland showed the parenchyma almost completely 
replaced by sheets of tumor. In this metastasis the degree of necrosis was con- 
siderable, with islands of viable carcinoma being surrounded by necrotic debris. 

Sections of lymph nodes of the mesentery and of the periaortic and hilar regions 
all showed these nodes almost completely replaced by tumor. 

Sections of the lung showed masses of tumor cells filling and surrounding 
the alveoli in some areas, while in others the tumor was present as a well circum- 
scribed growth replacing lung tissue and causing compressive atelectasis of adjacent 
parenchyma, 


Fig. 3.—Oil immersion photomicrograph (x 1,300). Foot’s modification of 
Bielschowsky’s silver stain, showing fibrils connecting tumor cells with the cere- 
bellar leptomeninges. 


COMMENT 
It is admittedly beyond the scope of this paper to enter into the 
controversy as to the origin of melanotic tumors, but a few words as 
to the development of one theory accepted today may not be amiss, 
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since it is on this theory that the conclusion as to the origin of the 
primary tumor in this case is based. Since 1859, when Virchow first 
described melanoblastoma of the brain, there have been numerous 
theories and hypotheses as to the origin of tumors of this type. The 
school of Unna adheres to the belief that they originate in the epidermis 
and that meningeal tumors arise from cell rests. Von Rick believed 
them to arise from proliferating endothelium of lymph vessels. Block 
believed they arose both from ectodermal and from mesodermal elements, 
producing the melanocarcinoma and the melanosarcoma, respectively. 

Von Recklinghausen * in 1882 suggested the neurogenic origin of 
melanotic tumors, and he was supported by Soldan ** in 1899. In 1926 
Masson ** established the nerve cell origin of dermal melanomas. 
Ewing ** helped support this theory and advanced the idea of super- 
ficial melanomas arising from the cells of the Merkel-Ranvier bodies, 
while the deep melanomas sprang from Wagner-Meissner corpuscles. 
The explanation of melanomas present in the meninges was somewhat 
obscure until Foot and Zeek*® demonstrated nerve endings in the 
meninges similar to the Wagner-Meissner corpuscles. Chromatophores 
were first described as being normally present in the meninges of adults 
by Valentin and also by KOlliker, Goldman, Sharpy and others,’ and 
Farnell and Globus described melanin appearing in the meninges of 
infants and a fetus of 54%4 months. These findings stimulated further 
argument as to the difference between chromatophores and melano- 
blasts. If one accepts the proposal of Schnitker and Ayer that the 
chromatophore is a cell containing pigment and not producing it and 
that the melanoblast is a cell with a positive dopa reaction and there- 
fore a pigment producer, one must still find an origin for the melano- 
blast. Thus, with the work of Masson and Ewing, and finally that of 
Foot and Zeek demonstrating nerve end organs in the meninges, the 
theory that melanotic tumors, and especially those arising in the men- 
inges, take origin from the nervous system would appear to be plausible. 
On the basis of this so-called neurogenic theory I, therefore, attempt 
to explain the origin of the cerebellar tumor in this case. 

The identification of the primary tumor under discussion was some- 


what difficult. The massive amount of melanin present in the tumors — 


previously reported was missing in this one. In fact, the deposition 
of melanin was relatively scanty. However, with iron stains, small 
granules of black-staining pigment could be seen in the cells of the 
sections of the cerebellar lesion, and silver stains brought out more 


12. von Recklinghausen, F. D.: Ueber die multiplen Fibrome der Haut und 
ihre Beziehung zu den multiplen Neuromen, Berlin, A. Hirschwald, 1882. 
13. Soldan, L. A.: Arch. f. klin. Chir. 59:261, 1899. 
14. Masson, P.: Ann. d’anat. path. 3:417 and 657, 1926. 
15. Ewing, J.: Brit. M. J. 2:852, 1930. 
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vividly the deep black color of these granules, this giving further sup- 
port to the claim that melanin was present. The sections of metastatic 
deposits showed no melanin with the exception of the one metastasis in a 
perirenal node, but the cytologic characteristics were those of a malig- 
nant amelanotic melanoblastoma. There was no diffuse melanomatosis 
of the meninges; this has not infrequently been a characteristic finding. 

The widespread metastases reported here were of interest not only 
because of their varied dissemination but also because of the small, 
asymptomatic primary lesion. 

All other possible primary sites were carefully examined, but the 
presence of black pigment in the tumor cells, the location of the lesion, 
its gross appearance and the staining properties noted with iron and 
silver impregnations led to the belief that the cerebellar neoplasm was 
the primary tumor. 
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Case Reports 


CYSTIC MEDIONECROSIS OF THE AORTA 


D. MAGNER, M.D., and H. F. McKENZIE, M.D. 
REGINA, SASKATCHEWAN, CANADA 


YSTIC degenerative changes occurring in the aortic medial coat 
have been recognized for many years. Erdheim’s * name is usually 
associated with the condition, which he termed “medionecrosis aortae 
idiopathica cystica.” It has been noted that these changes occur mainly 
in old age and are generally associated with aneurysm of the dissecting 
type. The case presented here is unusual in that the condition occurred 
in a young man and resulted in a large fusiform aneurysm of the 
ascending portion and arch of the aorta. Death was due to massive 
intrapericardial hemorrhage originating from a small perforation in the 
wall of the aneurysm. 
REPORT OF CASE 


A 20 year old white man of Anglo-Saxon stock was admitted to the Regina 
Cancer Clinic, July 6, 1943, from the Royal Canadian Air Force. The routine 
enlistment roentgen examination had revealed, June 10, 1943, “a solid upper 
mediastinal tumor, possibly a thymoma, surrounding the great vessels.” 

The patient stated that he had had no previous illness and had always been in 
excellent health, He could not recall having had any of the usual infectious 
diseases of childhood. He recollected that in January or February 1941, immedi- 
ately after his participation in an ice hockey game, a severe pain developed in 
the upper part of the chest behind the “breast bone.” The pain occurred in spasms, 
apparently related to changes in position. He remained in bed for three days at that 
time, but did not consult a physician. After three days the pain vanished and 
did not reappear. In January 1943 a cold developed, accompanied by a deep-seated 
cough, unproductive of sputum. This, he stated, had persisted in a mild form. 
Otherwise, he felt perfectly well. 

Physical examination gave entirely negative results except for the findings in 
the chest. The cardiac apical impulse was forcible in the fifth intercostal space 
and behind the sixth rib, approximately 7 cm. from the midline of the sternum. 
Percussion revealed the right border of the heart to be 4 cm. from the midline, 
in the third and fourth intercostal spaces. The heart sounds were loud, and there 
was an apical systolic murmur. Over the right cardiac area there was a moderately 
rough systolic murmur, maximal over the sternum at the level of the third inter- 
space. The pulmonary second sound was accentuated. A transmitted systolic 
murmur was audible in the interscapular area. Breath sounds were increased 
over the right side of the chest, but no adventitious pulmonary sounds were heard. 


i re the Department of Pathology and the Regina Cancer Clinic, Grey Nuns’ 
ospital. 


1. Erdheim, J.: Virchows Arch. f. path. Anat. 276:187, 1930. 
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The blood pressure was not recorded but is stated to have been normal. An 
electrocardiogram was reported as consistent with slight enlargement of the right 
side of the heart. The erythrocyte count was 4,600,000 per cubic millimeter and 
the hemoglobin content 15.6 Gm. per hundred cubic centimeters of blood; the 
leukocyte count was 8,950 per cubic millimeter, of which 51 per cent were nevtro- 
phils, 37 per cent lymphocytes and 5 per cent disintegrated cells. The erythrocytes 
revealed no morphologic abnormality. The urine showed a slight trace of albumin 
but was otherwise normal. The Kahn test of the blood was negative. Roentgen 
examination of the chest revealed a large mass in the upper part of the mediastinum, 


Fig.1.—Wall of aortic aneurysm. A cystic accumulation of mucoid material 
is seen, and there is a disappearance of muscle and elastic fibers. Verhoeff’s stain 
for elastic tissue; x 100. 


Fig. 2.—Wall of aortic aneurysm. The remaining elastic fibers are swollen 
and fragmented. An accumulation of mucoid material is seen. Verhoeff’s stain 
for elastic tissue; < 450. 


which on fluoroscopic examination showed pulsation. The radiologist believed that 
this represented an aneurysm of the ascending aorta. 

The patient returned to civilian work as a clerk in a hardware store and 
carried on in an entirely satisfactory manner. There were no respiratory or 
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cardiovascular symptoms, and he maintained his weight and strength. He was 
reexamined frequently but at irregular intervals. In January 1945 a roentgen 
examination showed a definite increase in the size of the upper mediastinal mass. 
After that, he was not seen until Jan. 11, 1946. He still felt well and was free 
of symptoms save that on that day he had experienced a momentary severe shooting 
retrosternal pain, which had not recurred. Roentgenograms of the chest, however, 
showed still further increase in the transverse diameter of the mass, mainly to the 
right. On February 1 bronchoscopic examination revealed what seemed to be 
external pressure on the trachea in the lower third, with some distortion of the 
left main bronchus. There was noticeable pulsation in the trachea. Five days 
later, on the evening of February 6, the patient complained of excessive tiredness 
and mild dizziness. He lay down to rest and within ten minutes was discovered 
to be comatose, cyanotic, cold and sweating. Death occurred shortly afterward 
as he was on the way to the hospital in an ambulance. 


Necropsy (twelve hours after death).—The pericardial sac contained 700 cc. 
of dark red jelly-like blood clot. There was a large fusiform aneurysm of the 
ascending portion and the arch of the aorta. The dilatation commenced immediately 
distal to the aortic valve cusps and extended to just beyond the origin of the left 
subclavian artery. From this point on, the aorta was of a normal diameter of 5 cm. 
The aneurysm measured 10.5 cm. in length and was 15 cm. in diameter at its 
widest portion. It was semicollapsed. A small break, 0.5 cm. in length, situated 
in the anterior wall just distal to the aortic orifice, was evidently the source of the 
massive intrapericardial hemorrhage. The remainder of the intimal surface of the 
aneurysm was smooth and creamy white except for an oval area 4 cm. in long 
diameter, situated on the posterior wall 2.5 cm. distal to the aortic orifice. This 
area was slightly depressed and showed an intima coarsely corrugated by orange- 
yellow atheromatous streaks. Plaques of calcium were present in the wall in 
this region. Elsewhere the aneurysmal wall was uniformly and diffusely thickened 
by dense grayish white fibrous tissue in the adventitia, but no other zones of 
calcification were present. The aorta below the aneurysm was taut and elastic, 
and the intima showed a minimal amount of fatty streaking. The great vessels of 
the neck and the iliac vessels were not remarkable. 

The heart weighed 325 Gm. It was covered by smooth, glistening pericardium. 
The chambers were of normal size and had smooth endocardial linings. The 
valve cusps were thin and pliable. The valve orifices were not remarkable. The 
coronary arteries presented a few fatty intimal plaques, but they were freely patent 
and their walls thin. The myocardium was pink and firm. 

The cranial cavity, the brain, the thyroid gland, the pleural cavities, the lungs, 
the peritoneal cavity, the gastrointestinal tract, the liver, the spleen, the pancreas, 
the adrenal glands and the kidneys were not remarkable. There was slight dilatation 
of the left ureter and renal pelvis, but the ureter opened freely into the bladder. 
No source of obstruction could be found. The right renal pelvis and ureter were 
not dilated. The bladder was not remarkable, and the prostate was not enlarged. 

Histologic Examination.—A transverse strip of the entire aneurysmal wall was 
taken from its widest diameter, cut in serial blocks, embedded in paraffin and 
sectioned. A longitudinal strip extending from the aortic valve cusps to the 
uninvolved portion of the aorta was treated similarly. Sections from each block 
were stained with hematoxylin-eosin, by Verhoeff’s method for elastic tissue and 
by a modification of Masson’s trichrome stain. Sections taken from the great 
vessels of the neck, at their roots, and from the thoracic aorta were similarly 
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stained. Sections from the brain, the heart, the lungs, the liver, the spleen, 
the pancreas and the kidneys were stained with hematoxylin-eosin. 

Striking medial degenerative changes were apparent in’ all sections of the wall 
of the aneurysm. The mildest change consisted in an accumulation of homogeneous 
anuclear material separating the medial fibers and staining pale blue with hema- 
toxylin-eosin. In many situations, this was abundant, covering wide irregular 
zones, with replacement of medial elements. In such zones, degenerating nuclei 
of medial muscle fibers were seen, and pinkish sarcoplasmic remnants blended into 
the accumulated bluish material. In some areas this material formed irregular 
elongated intercommunicating lakes, sharply demarcated from the surrounding 
medial tissues. Where the bluish material had escaped, presumably during fixation 
and dehydration, irregular clefts and cracks remained in the aortic wall. 

In the noncystic areas the aneurysmal wall showed varying degrees of dis- 
organization and fibrosis. Varying quantities of medial musculature were recogniz- 
able, but in the least involved areas the muscle fibers blended into zones of pinkish 
hyaline fibrosis. Elsewhere no muscle fibers remained, the whole media being 
converted into a dense mass of fibrous tissue. The elastic tissue elements were 
extremely degenerated. Changes in these fibers ranged from a simple partial loss 
of tinctorial properties, combined with swelling and blurring of outline, to fraying 
and fragmentation. They had completely vanished, save for a few coiled remnants, 
in many situations. Scattered through the media were a few groups of mono- 
nuclear cells resembling lymphocytes. 

The intima showed mild hyaline anuclear thickening for the most part and was 
indistinctly demarcated from the media. In the oval area noted on gross examina- 
tion there were atheromatous deposits, characterized by collections of lipid-filled 
macrophages and cholesterol clefts. Plaques of calcium were present in the deeper 
portions of the thickened intima in this area. The adventitia was everywhere 
markedly thickened by dense fibrosis. The fibrous tissue merged into the fibrotic 
media and also spread outward for some distance. A few adventitial arterioles 
were surrounded by small collections of lymphocytes. These changes were 
confined to the wall of the aneurysm. Sections from the great vessels of the neck 
and from the thoracic aorta showed no lesions. Sections from the other organs 
revealed nothing of note. 
COMMENT 


It is logical to assume that the severe cystic medial degenerative 
changes described were the cause of weakening of the aortic wall and 
resultant aneurysmal dilatation. Syphilitic disease of the aorta can be 
excluded as an etiologic factor on the basis of the negative Kahn test 
of the blood, the absence of a history of syphilitic infection, the age of 
the patient and the gross and the microscopic appearance of the aortic 
lesion. Similarly, arteriosclerosis appears to have had no part in the 
causation of this aneurysm, since in only one circumscribed area was 
there evidence of the fatty intimal deposits and calcification seen in 
aortic arteriosclerosis. Furthermore, arteriosclerosis of a sufficient 
degree to allow such marked aneurysmal dilatation must be extremely 
rare, if not unknown, in a subject of this age. Although cystic medio- 
necrosis of the aorta usually occurs in old age and in association with 
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dissecting aneurysm, Rottino * has collected 5 cases from the literature 
in which the patients were between 21 and 29 years, and has reported 
1 case in which, in a woman of 70, the aorta dilated but did not rupture. 

The gross and microscopic postmortem findings gave no clue to the 
cause of the cystic aortic medionecrosis. The earliest lesions showed 
a homogeneous bluish material accumulating between medial fibers, 
without evidence of inflammation. This would seem to indicate an 
essentially degenerative condition. The fact that small numbers of 
lymphocytes were present in the adventitia can scarcely be adduced as 
evidence of a primarily inflammatory process. Review of the clinical 
history reveals no factor of obvious clinical significance. It is true that, 
although the patient could not recollect it, he may have suffered from 
one of the acute infectious diseases of childhood. Shennan,* among 
others, has stressed the importance of such diseases in the production 
of medial “faults” of the aorta. It cannot be denied, therefore, that the 
lesions in this case may have been related to an acute infectious disease, 
but no positive evidence in support of this is forthcoming. That trauma 
had some etiologic significance is likewise not susceptible of proof and 
seems unlikely. The genesis of the aortic lesions, therefore, in this case 
as in others, remains unknown. 


SUMMARY 
A case is reported of severe cystic medionecrosis of the aorta of 


a young man which produced a large fusiform aneurysm of the aortic 
arch, with death resulting eventually from a massive intrapericardial 
hemorrhage that originated from’ a small perforation in the wall of the 
aneurysm. 


2. Rottino, A.: Arch. Path. 27:320, 1939; 28:1, 1939. 


3. Shennan, T.: Medical Research Council, Special Report Series, no. 193, 
London, His Majesty’s Stationery Office, 1934. 
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GUMMA OF THE CORONARY ARTERY, MYOCARDIAL ere 
AND GUMMA OF THE HEART 


SIDNEY D. KOBERNICK, 
MONTREAL, CANADA 


TENOSIS of the ostiums of the coronary arteries is a common result 

of syphilitic aortitis, but syphilis of the coronary arteries beyond 
the ostiums is not often observed, while gumma of the coronary artery 
is still more rarely encountered. Infarction of the myocardium as a result 
of any of these lesions is exceptional. It follows, then, that a gumma of 
the coronary artery resulting in myocardial infarction is rare indeed. 
Such a case has recently come under observation and is now reported. 


REPORT OF A CASE 

A 44 year old white man presented himself at the medical outpatient clinic of 
the Royal Victoria Hospital on March 20, 1944 with complaints of ten to fourteen 
days’ duration. They consisted of weakness and dizziness on standing, blurring 
of vision, buzzing of the ears, cold sweats and dyspnea at rest. On the day of his 
first examination he had had a severe attack of epigastric pain and numbness of 
the right leg. 


He was seen by Dr. S. Ejidlow, who gave me permission to use the 
clinical records. Dr. Eidlow found the pupils irregular and sluggish, the heart 
enlarged to the left, with an aortic diastolic murmur heard in the fourth left 
interspace, and the blood pressure 110 systolic and 90 diastolic. The urine con- 
tained albumin, and there was electrocardiographic evidence of a posterior myo- 
cardial infarct. He made the diagnosis of syphilitic aortitis with aortic insufficiency 
and acute myocardial infarction. The Wassermann reaction, reported on March 
31, was 4 plus. Immediate hospitalization was recommended. 

The patient was admitted to the Royal Victoria Hospital on April 1, where it 
was elicited that he had had an attack of blurred vision and palpitation of the 
heart two years before and that he had had malaria in his youth and gonorrhea 
two years prior to admission, but he denied that there had been any primary 
syphilitic infection. 

The physical examination revealed a well developed man in obvious distress. 
He was markedly dyspneic and complained of pain in the left part of the epigas- 
trium and the left upper quadrant of the abdomen. His temperature was 97.6 F., 

i pulse rate 90 per minute and respiratory rate 30 per minute; his blood pressure 
was 110 systolic and 70 diastolic. The heart was enlarged 2 fingerbreadths beyond 
the left nipple line. The cardiac sounds were distant. A presystolic murmur 
was heard at the apex, together with a blowing systolic murmur transmitted to 
the axilla. The aortic second sound was obscured. Gallop rhythm was thought 


From the Department of Pathology, Pathological Institute, McGill University. 
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to be present. The liver was palpable and tender. Tenderness was noted in the 
left upper quadrant of the abdomen. 

The laboratory findings were as follows: The urine had a specific gravity of 
1.023 and showed albumin (4 plus), occasional hyaline casts and 2 to 3 pus cells 
per high power field. The blood showed 9,200 white blood cells per cubic 
millimeter; the hemoglobin was 76 per cent; the erythrocyte sedimentation rate 
was 39 mm. in the first hour. 

He was placed at complete rest in bed and given sedatives. He became rest- 
less and, following a severe attack of pain and dyspnea, died the day after 
admission. 

Postmortem Examination.—This was confined to the abdomen and the thorax 
and was performed by Dr. E. G. Hinds fifty-six hours after the patient’s death. 
Only the findings directly referable to the cardiovascular system need be described 
in detail. 

The pericardial cavity contained 500 cc. of clear, greenish brown fluid. The 
pericardium was smooth and glistening throughout. The pulmonary aorta, opened 
in situ, revealed no embolism. 

The heart weighed 645 Gm. All the chambers were somewhat dilated. The 
myocardium was markedly hypertrophied, the right ventricular wall measuring 
4 mm. in thickness and the left 23 mm. On the posterior aspect of the left 
ventricle, toward the base, was an area measuring 4 by 5 cm. which was mottled 
brownish yellow as seen through the epicardium. The corresponding endocardial 
surface had the same appearance... The posterior aspect of the septum near the 
base was also involved. A thick, firm mass could be seen extending from the 
region of the orifice of the right coronary artery into the right auricle. The mass 
was whitish, opaque and nodular, bulging into the auricle above the tricuspid 
valve. The whole lesion measured about 2 cm. in diameter and consisted of three 
or four contiguous nodular masses, each about 7 to 8 mm. in diameter. The 
endocardium was intact over these masses. In the dorsal wall of the pulmonary 
conus, another mass was seen, similar in size, shape and consistency to the one 
just described. Between the two lesions a degree of continuity could be demon- 
strated by palpation. The columnae carneae and the papillary muscles of the left 
ventricle were markedly hypertrophied. The tricuspid, pulmonic and mitral valves 
were not abnormal in any way. The aortic valve ring was dilated, measuring 
10.5 cm. in circumference. The cusps showed moderate thickening at the line of 
closure and separation of the cusps for a distance of 2 or 3 mm. at the com- 
missures. 

The orifice of the right coronary artery was markedly stenosed to pinpoint 
diameter. Immediately distal to the orifice, for about 2 cm., the wall of the 
artery was eccentrically thickened by whitish gray tissue occupying the media 


and the adventitia. The lumen was small and filled with reddish brown thrombus 


material. Distal to this, again, the lumen was patent, the intima being involved 
by: arteriosclerosis to a minimal degree. The right coronary artery extended 
farther over the base of the left ventricle than usual. The ostium of the left 
coronary artery was moderately stenosed, and no gross abnormality except for a 
minimal amount of arteriosclerosis was detected in the main trunk or any of its 
branches. 

The aorta showed loss of elasticity throughout, especially in the arch and the 
ascending and descending thoracic parts. The intima was wrinkled, and between 
the wrinkles the aortic wall was thickened by grayish blue plaques. The ascending 
Portion and arch presented a fusiform dilatation, 6 cm. in diameter. Two centi- 
meters beyond the orifice of the left subclavian artery, on the anterolateral aspect 
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of the main fusiform aneurysm, there was a smaller, saccular aneurysm filled with 
thrombus material. The space between the two aneurysms was occupied by a 
white, firm, fibrotic, homogeneous mass. This mass projected into the pulmonary 
artery in such a manner as to cause a bulge in the endothelial surface. It was 1.5 
cm. in diameter and nodular and ovoid. The left common carotid artery was 
narrowed for a short distance from its origin in the dilated aortic arch. The 
other two main branches of the arch of the aorta appeared normal. The medium- 
sized arteries were not otherwise unusual. 


Microscopic Examination—The right coronary artery, near its origin, pre- 
sented marked thickening of the adventitia by a dense layer of collagenous tissue 
containing many capillaries surrounded by lymphocytes and plasma cells. Just 


Photomicrograph of a section of the right coronary artery showing an occlusive 
thrombus, gummatous necrosis of the wall, an adventitial reaction and fibrosis. 
Hematoxylin and eosin; x 34. 


inside this was a zone of loose vascular connective tissue diffusely infiltrated by 
lymphocytes and plasma cells, which surrounded the media. The media was 
necrotic throughout its whole thickness, and the necrosis extended into the inner 
layers of the intima. The necrosis was of the coagulative type, ghost structure 
of the media being present in some places. The intima was greatly thickened by 
rather dense hyaline connective tissue, which reduced the lumen to approximately 
half its normal diameter. The lumen was occluded by a thrombus (figure). Sec- 
tions just distal to this one, in the artery, showed marked fibrosis of the adventitia, 
which was very dense in most places. Many arterioles of the adventitia showed 
pronounced endarteritis obliterans. There was considerable lymphocyte and plasma 
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cell infiltration throughout the adventitia. The elastic tissue of the media was 
considerably distorted in some areas by ingrowth of vascular granulation tissue, 
in which there was moderate lymphocytic infiltration. 

Six sections were taken from various parts of the distal portions of the left 
and right coronary arteries, and a few of these sections showed moderate intimal 
arteriosclerosis, more marked in the larger than in the smaller distal portions. The 
adventitia showed no excess fibrosis or infiltration. The media was, for the most 
part, uniform in thickness except in the more markedly arteriosclerotic areas, 
where it was somewhat atrophic. 

Sections of the myocardium showed in the area of infarction large areas of 
necrotic muscle fibers in which there was hemorrhage and some infiltrating white 
blood cells, which were also degenerating. Into this was growing vascular granu- 
lation tissue, and in some areas small numbers of necrotic muscle fibers had been 
replaced. However, organization was in an early stage. 

Microscopic examination of other areas of the heart showed only hypertrophy 
of muscle fibers with minimal interstitial fibrosis. The lesion between the pulmon- 
ary artery and the aorta had the histologic appearance of a gumma. The lesion 
in the right ventricle was also a typical gumma. Sections of the aorta showed 
extensive syphilitic involvement with endarteritis obliterans of the vasa vasorum, 
perivascular cuffing by lymphocytes and plasma cells, medial necrosis and fibrosis 
and hyaline intimal thickening. 


COMMENT : 


This, then, is a case of posterior myocardial infarction following 
thrombotic occlusion of the right coronary artery. The sequence of 
events indicated by the findings was syphilitic arteritis beyond and 
separate from the process in the aorta, followed by gummatous necrosis of 
the arterial wall, which precipitated thrombosis and which was followed, 
in turn, by infarction of the myocardium in the area supplied by the 
artery. Typical gummas were found in the myocardium, projecting into 
the right auricle and the pulmonary conus. The pathologic observation 
of recent thrombosis and infarction of only a few days’ duration was 
consistent with the clinical picture. 

Stenosis and occlusion of the ostiums of the coronary arteties have 
been frequently reported, with an incidence varying from 12 to 8 per 
cent of cases of syphilitic aortitis.. Syphilis involving the coronary 
arteries beyond the ostiums, though much less frequent, has been described 
by Moritz * and Maher ® and has been estimated by Cormia ** to occur 
in 25 per cent of cases of aortitis in which the ostiums were involved. 
When it is present, it is said to be in the first 10 or 12 mm..,? though it is 
also reported to occur in the more peripheral portions. Thrombosis 


1 (a) Bruenn, H. G.: Am. Heart J. 9:421, 1934. (b) Burch, G. E., and 
Winsor, T.: ibid. 24:740, 1942. (c) Carr, J. G.: ibid. 6:30, 1930. (d) Clawson, 
B. J., and Bell, E. T.: Arch. Path. 4:922, 1927. (e) Clawson, B. J.: Urol. & 
Cutan. Rev. 45:219, 1942. (f) Cormia, F. E.: Canad. M. A. J. 38:613, 1935. 
(9) Martland, H. S.: Am Heart J. 6:1, 1930. (h) Saphir, O., and Scott, R. W.: 
Am. J. Path. 3:527, 1921; (i) Am. Heart J. 6:56, 1930. (j) Saphir, O.: Arch. 
Path. 18:266 and 435, 1932. (k) Warthin, A. S.: Am. Heart J. 6:163, 1930, 
2. Moritz, A. R.: Arch. Path. 11:44, 1931. 

3. Maher, C. C.: Am. Heart J. 6:37, 1930. 
4. Warthin, A. S.: J. A. M. A. 84:1597, 1925. Maher.’ 
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associated with syphilitic involvement of the coronary arteries has not 
been described. Nor is there any case recorded in the literature in which 
a gumma of a coronary artery precipitated thrombosis and infarction as 
in the case reported here. The only gumma of a coronary artery mentioned 
in the literature ** was not followed by thrombosis or infarction. How- 
ever, cases of myocardial infarction due to syphilis affecting the coronary 
arteries in other ways have been reported, such as those due to syphilitic 
occlusion of the coronary ostiums without thrombosis described by 
Corrigan,’ Cowan and Rennie,® Burch and Winsor,” Bruenn and 
Saphir “—10 cases in all. Chipps* reported a case in which the 
left coronary artery was compressed by a syphilitic aneurysm of the 
sinus of valsalva, and Snyder and Hunter ® reported a similar aneurysm 
which caused thrombosis and infarction. There are also cases of 
infarction on the basis of arteriosclerosis associated with syphilis.® 

The infrequency of myocardial infarction due to syphilitic involve- 
ment of the coronary arteries is generally attributed to the slowness of 
the process, which allows collateral circulation to develop to a sufficient 
degree to prevent acute ischemia of the myocardium. That this can 
occur to an extreme degree is evident from Wearn’s*® 2 cases, in 
which there was complete occlusion of both coronary ostiums without 
myocardial infarction having occurred. In those cases the circulation of 
the heart must have been maintained entirely by means of extracardiac 
anastomoses,” 

Gumma of the myocardium is also a rare lesion. Sohval * found 
97 cases of gumma of the myocardium recorded in the literature up to 
1935. In these cases every part of the heart was the site of a gumma, 
but in none did a gumma involve a coronary artery. Eleven cases of 
gumma of the heart have been reported in the literature since 1935." 


SUMMARY 


An unusual case of gumma of the heart and gumma of the right 
coronary artery resulting in thrombosis of the arterial lumen and infarc- 
tion of the myocardium is reported. 

No similar case has been previously described in the literature. 
Gumma of the heart is itself rare, only 108 cases being reported 
in the literature. In only 1 instance has gumma of the coronary artery 
been described, but no mention was made of thrombosis or infarction 
having occurred. 


5. Corrigan, M. C.: Urol. & Cutan. Rev. 45:229, 1941. 
6. Cowan, J., and Rennie, J. K.: Brit. M. J. 2:184, 1921. 
7. Chipps, H. D.: Arch. Path. 31:627, 1941. 
8. Snyder, G. A. C., and Hunter, W. C.: Am. J. Path. 10:757, 1934. 
9. Corrigan.5 Warthin.** 
10. Wearn, J. T.: J. Exper. Med. 47:293, 1928. 
11. Hudson, C. L.; Moritz, A. R., and Wearn, J. T.: J. Exper. Med. 56:919, 
1932. 
12. Sohval, A. R.: Arch. Path. 20:429, 1935. 
13. von Haam, E., and Ogden, M. A.: Arch. Path. 26:525, 1938. Spain, D. M., 
and Johannsen, M. W.: Am. Heart J. 24:689, 1942. Pratt-Thomas, H. R.: ibid. 
36:80, 1943. Clawson and Bell.14 
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MECHANISMS OF ABNORMAL DEVELOPMENT 
Il. Embryonic Development of Malformations 


PETER GRUENWALD, M.D. 
NEW YORK 


(Continued from Page 436) 


OST treatises on abnormal development classify their subject either j 
according to morphologic aspects or according to hypothetic 
modes of origin deduced from the final structure as, for example, inhibi- 
tion or excess of development and fusion or fission of primordia. Cyclo- 
pia, for instance, would be found in the category of malformations by 
fusion of normally separate bilateral primordia. The brief discussion 
of cyclopia given in the introduction to the first part of this review shows 
that this or any other classification of it under the system just mentioned 
must be incorrect and misleading. Many other malformations develop 
in a manner which cannot possibly be detected by the study of the final 
condition alone as, for instance, the defects of the extremities in a 
hereditary syndrome of malformations in mice (“myelencephalic blebs,” 
see page 556). It thus appears that a system based on hypothetic 
mechanisms of development of malformations is of no value either for 
classification or as a guide for future investigations. Its inadequacy has 
been pointed out by Weiss.* The causes of malformations, on the other 
hand, do not constitute a Suitable basis for classification for two reasons. 
One is that in cases of malformation not produced in the laboratory the 
cause is often unknown, and the other reason is that many different 
causes may produce similar effects, or the same cause different effects 
under but slightly differing conditions. This leaves, in the present 
state of knowledge, only a classification from the standpoint of mor- 
phology, and that will not be discussed here as this presentation is not 
concerned with purely morphologic aspects of the subject. 
In the following pages some of the better studied mechanisms will 
be described by which a malformation develops into its final form after 
an initial lesion has been produced by a known or an unknown cause. 


From the Department of Pathology, Long Island College of Medicine, 
Brooklyn. 

This work was begun while the author was Fellow in Pathology at the 
Mount Sinai Hospital, New York. 

The review of the literature was concluded in August 1946. However, many 
European journals of the past few years were not available at that time, on account 
of the interruption of communications during the war. 
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Griineberg ** classifies the mechanisms by which mutations manifest 
themselves as structural abnormalities, as follows: 

(a) A normal developmental process is suppressed or remains 
incomplete. 

(6) A normal developmental process is exaggerated. 

(c) A normal developmental process is deflected in the wrong 
direction. 

(d) The changes are regressive (degenerations). 

Griineberg admits that there are no clearcut borderlines between 
these mechanisms and that some abnormalities could conceivably be 
classified under different headings. He also suggests that it may be 
necessary to reclassify a malformation if new information is obtained 
regarding its development. Many of the nonhereditary malformations 
can also be classified in this manner. 

A more detailed classification, which also includes mechanisms occur- 
ring in malformations due to extrinsic factors, will now be given: 

(a) Inhibition or excess of a developmental process. 

(6) Abnormal developmental pattern (absence, excessive number, 
division, fusion or abnormal location of primordia). 

(c) Qualitatively abnormal development. 

(d) Degeneration of previously normal-appearing parts. 
(e) Interference by nonspecific reaction to injury. 

(f) Elimination of parts. 


~The basic abnormal process is usually limited to a short period of 
development, leaving a part of the body in an abnormal condition. The 
affected part will thereafter develop by normal mechanisms but will 
show the effect of the interference because these normal mechanisms 
occur in an abnormal substrate. In some cases the abnormality may be 
more or less eliminated by regenerative processes. 

Syndromes of malformations occur when the primary abnormality 
affects more than one part, or when the primarily affected part influences 
other parts so that they, too, become abnormal. The correlations which 
link the various manifestations of teratologic syndromes may be of the 
following kinds: 


~ (a) Genetic mechanisms. 
(b) Equal susceptibility of parts. 
(c) Developmental patterns governing several parts. 
(d) Functional dependence. 
(e) Mechanical correlations. 


These mechanisms are by no means mutually exclusive. In fact, few 
instances will be found in which only one of them is in effect. They 
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can therefore not be used for a classification of fully developed syndromes 
but are used rather as guides for the study of the development of the 
syndromes. It must be remembered that some of these mechanisms 

_normally safeguard the development of proper morphologic relations 
of parts, but they may greatly increase the extent of a malformation if 
they are shifted to wrong tracks, as it were, by an abnormality some- 
where along the line of developmental steps. These chains of events 
explain the occurrence of syndromes of malformations and the often 
puzzling repetition of complex developmental aberrations in many per- 
sons. The following examples of mechanisms of developmental correla- 
tion are given to illustrate the aforementioned types. 


. Genetic Correlations.—When several malformations which are inde- 
pendent of each other in their development are caused by one gene they 
may be said to be genetically correlated. Griineberg *** holds that this 
so-called pleiotropic gene effect does not exist and that an adequate 

—. understanding of the developmental mechanism would in all instances 
reveal a single primary developmental disturbance responsible for all 
manifestations. It is true that in several instances complex hereditary 
syndromes of malformations have been traced back to a single initial 
disturbance. Gluecksohn-Schoenheimer *** has recently criticized Griine- 
berg’s view and holds that final judgment should be reserved until more 
is known about gene action. On purely speculative grounds one may say 
that since it is assumed that each gene is uniform, its primary action is 
likely to be uniform as well. Whether or not one accepts the concept 
of pleiotropic gene action on development depends on the arbitrary 
decision whether or not the primary action is considered a developmental 

“process. Examples of apparently pleiotropic gene effect are instances 
of hereditary intersexuality in various mammals associated with a pecu- 
liar color of coat ** or with skeletal malformations.?** 

Another possibility of genetic correlation is linkage of genes which 
are located at nearby points in the same chromosome so that it is improb- 
able that they will be separated during the maturation of germ cells. The 
results of numerous linkage tests in the mouse have been reviewed by 
Snell *? and Griineberg,** and recently in the form of a chromosome 
map.?** If a gene is located in the sex chromosome, its transmission ~ 
is modified by the peculiarities of that chromosome: sex-linked inheri- 
tance. In the present discussion of the embryogenesis of malformations, 
genetic correlations will not be considered, since their action is not on 


232. (a) Griineberg, H.: J. Genetics 45:1, 1943; (b) footnote Ir. 
233. Gluecksohi=S@hoenheimer, S.: Genetics 8022974945. 
234. Surrarrer, T. C.: J. Hered. 34:175, 1943. 


235. Staff of the Roscoe B. Jackson Memorial Laboratory: J. Hered. 36:271, 
1945, 
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a developmental basis, but precedes development. Only their results 

will occasionally be referred to. 

X Equal Susceptibility of Parts—It must be recognized that equal 
susceptibility of primordia to the action of teratogenic factors of any 
kind is an important mechanism by which seemingly unrelated develop- 
mental processes may be affected by one agent. It was reported in part | 
that many workers in the field of teratology consider the majority of 
teratogenic stimuli as nonspecific retardations of metabolism and devel- 
opment, which have a seemingly specific effect on certain parts only 
because these parts are highly susceptible at the time of their action. 
This susceptibility is thought to be greatest while a given part is grow- 
ing or differentiating rapidly, and if this is true, it is obvious that several 
parts may be in a highly susceptible phase at the same time. This has 
been emphasized in the explanation of multiple malformations in various 
parts of the body caused by the Px mutation in guinea pigs.?** 


Developmental Patterns Governing Several Parts.—Correlations 
determined by the developmental pattern exist when an abnormal pattern 
of a larger portion of the body determines the development of malforma- 
tions in several parts, much in the same manner in which the normal 
pattern would determine normal development of the same area. In 
cyclopia, for instance, a change in the developmental pattern of the neural 
plate is responsible for malformations of brain and eyes. 

Correlation by Independent Development.—This occurs in abnormal 
development just as in normal ontogenesis. If one part depends on— 
another for its normal development, it will be abnormal if that other part 
is absent or abnormal. Thus absence of a wolffian duct in the embryo 
will result not only in absence of the ductus deferens, which arises from 
it, but in absence of the epididymis and the kidney because these organs 
depend in their development on stimulation by the wolffian duct and its 
branch, the ureteric bud, respectively. 

Functional Dependence.—Correlation by functional dependence may 
occur in various forms. Defects of the respiratory organs of the embryo 
may produce malformations of various organs by anoxia before, or with- 
out, killing the embryo. This occurs in the homozygous Creeper chick 
embryo when the circulation of its yolk sac fails (see page 554). Abnor- 
mal function of endocrine organs may have profound effects on devel- 
opment as, for instance, excessive hormone production by adenomas of ~ 
the adrenal cortex, which promotes sex reversal in the embryo as well 
as after birth. Correlations between the nervous system and the organs 
supplied by it are conspicuous in postnatal life and not entirely absent 
in the embryo. 


236. Scott, J. P.: (a) J. Exper. Zool. 77:123, 1937; (6) J. Morphol. 62:299, 
1938. 
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Mechanical Correlations.—If an abnormal condition of one part makes 
it mechanically impossible for another part to pursue its normal course 
of development, even though its primordium is present and normal, there 
is observed a mechanical correlation affecting development. The just 
mentioned absence of a wolffian duct, for instance, has a mechanical 
effect in addition to the one already noted. The duct serves normally 
as a mechanical guide of the miillerian duct, which grows caudad within 
the wolffian duct’s basal membrane. In the absence of this guide the 


miillerian duct fails to grow, and as a result the tube and one horn of oe ; 


the uterus are absent if the individual is of female sex. Another example 
is the absencé of a choroid fissure in maldeveloped eyes, as it occurs in 
certain cases of microphthalmia or cyclopia (see page 518). It deprives 
the optic nerve fibers of their passageway to the brain, and results in 
absence of the optic nerve even though the optic stalk and the nerve 
fibers are all originally present. 

The foregoing may not be a complete listing of all the methods by 
which abnormal traits, once appearing at one point, may express them- 
selves throughout the organism, but it comprises the essential mechan- 
isms found in the malformations to be described. It is obvious that 
these correlations may appear in various combinations, as may be 
gathered from the fact that several of the few syndromes of malforma- 
tions given as examples appear under more than one heading. 

~Malformations appear in nature and in the laboratory with varying 
degrees of regularity, and this has been used to classify them as typical 
or atypical.*** Malformations of the former type are found repeatedly 
either as identical forms or as various degrees of the same type of aber- 
ration. They appear to follow a plan almost or wholly as definite as 
that of normal development. Atypical malformations, on the other hand, 
are irregular and unpredictable. The typical malformations are sup- 
posedly due to genetic causes, the atypical ones to environmental 
influences which may attack the embryo at any time and place. The lat- 
ter statement is not correct, as is illustrated by the regular production 
of malformations by influencing the embryo itself (see the first part of 
this review) and particularly by the existence of phenocopies in which 
a genetically caused malformation is copied by interference with onto- 
genesis alone. However, it is obvious that some of the aforementioned 
types of correlation of abnormal developments will tend to yield typical, 
and others atypical, defects. Genetic correlations of abnormal traits are 
as regular as those governing normal development, and they yield con- 
sistent results unless other, modifying genes or extrinsic agents interfere. 
Syndromes caused by abnormal developmental patterns or dependent 


237. von Szily¢ Politzer, G., and Sternberg, H.: Frankfurt. Ztschr. f. 
Path. 37:174, 1929. 
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development will be among the most regular ones. On the other hand, - 
the most irregular and atypical abnormalities may be found among 
simple malformations produced by extrinsic ager‘*s. 

Another factor which may influence the final appearance of a struc- 
tural abnormality is restitution of defective parts. In embryonic mal- 
formations the normal mechanisms of regulation of development will 
often provide some restitution of a defective pattern before it is struc- 
turally differentiated, and this will then not be apparent as regeneration. 
There are extensive studies of regeneration of extremities in larvae of 
amphibia ***; their results have contributed materially to the under- 
standing of malformations of these parts. An interesting example of 
the complicated mechanisms of regeneration is that of replacement of 
an extirpated lens in amphibia, the so-called wolffian lens regeneration. 
The new lens is formed not from the superficial ectoderm (cornea) as 
was the normal lens but from the upper portion of the iris, which is 
normally not concerned with lens formation.**® In malformations of 
the eyes, abortive or even well organized lenses may develop in the 
same manner.** Schotté **° has presented a concise review of the gen- 
eral problems involved in regeneration. 7 

In the following pages some of those malformations on the embryonic 
development of which information is available will be discussed. Then 
the widespread manifestations of two extensively studied hereditary 
syndromes of malformations (Creeper, myelencephalic blebs) will be 
summarized, as well as the effects of heterospecific pregnancy. 


TWINS AND DOUBLE MONSTERS 


Of the two principal types of twins and multiple births, the dizygotic 
or fraternal twins are of little interest in the present discussion since 
they are not essentially different from brothers and sisters born at dif- 
ferent times except that they may, on rare occasions, interfere with 
each other’s development. This occurs particularly if close relations 
develop between the chorions of the siblings, leading to fusion of the 
membranes and often to anastomoses of their circulatory systems. This 
fusion is known to occur in man *** as well as in other mammals.*” 
In certain species of mammals, anastomoses between the circulations of 
heterosexual dizygotic twins result in abnormal sexual development of 
the female, apparently caused by some substance transmitted from the 
male partner. In other species, including man, no such influence is ever 
exerted in the presence of vascular anastomoses (see part I). 


238. Mangold, O.: Ergebn. d. Biol. 5:290, 1929. Weiss. Needham.* 
239. Mangold.1* Weiss.® 

240. Schotté, O. E.: Growth (supp.) 3:59, 1939. 

241. Arey, L. B.: Anat. Rec. 23:253, 1922. 

242. Witschi.16° Wislocki, G. B.: Am. J. Anat. 64:445, 1939. 
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Monozygotic or identical twins, arising from a single, normally fer- 
tilized egg cell, are of great interest from the point of view of teratology. 
While each partner of the pair may be perfectly normal, monozygotic 
twinning in man is too rare to be considered as a normal occurrence. 
In certain animals, on the other hand, it occurs invariably and must be 
regarded as normal. The close relationship of twins to double monsters 
will be discussed subsequently. In the laboratory, twins and double 
monsters have been produced by a variety of methods. A thoroughly 
investigated procedure is that of constricting amphibian eggs to a varying 
extent, which results in separate twins or monsters with varying degrees 
of duplication depending on the intensity of constriction.*, Many other 
methods have yielded twins and double monsters by mechanisms which 
are not so well understood, such as hybridization, delayed fertilization,** 
irradiation with roentgen ** and ultraviolet rays,** splitting,*** centri- 
fuging "? or chemicals.*** A hereditary influence in human twinning 
is assumed by numerous authors **° and denied by others.**° An example 
of definite hereditary twinning is the development of multiple embryos 
in germs homozygous for the lethal gene “kinky” which in heterozygous 
condition produces abnormalities of the vertebrae, the tail and the laby- 
rinth. These germs die early.*** Danforth *** described hereditary dupli- 
cation of the caudal part of the body in mice. 

There has been much speculation concerning the cause of polyembry- 
ony (monozygotic multiple birth) as it occurs regularly in the arma- 
dillo, partly with a view to explaining human twinning. Newman *** 
and Stockard hold that a temporary slowing of development, which 
is known to occur in these species, is responsible for a dispersion of the 
organization center into several independent centers; these authors also 
suggest that cooling of birds’ eggs before gastrulation (which normally 
occurs before laying) is responsible for twinning. Sturkie **° found that 
if hens are chilled about the time of ovulation and cleavage, the incidence 
of double embryos rises to 8.2 per cent. Newman set up a hypothesis for 
polyembryony of the armadillo, which includes the following steps: 


243. Morita, S.: Anat. Anz. 82:81, 1936; 84:81, 1937. Twiesselmann, F.: 
Arch. de biol., Paris 49:285, 1938. 

244. Werber.°® Morita.24% 

245. (a) Danforth, C. H.: J. Hered. 7:195, 1916. (b) Davenport, C. B.: 
Proc. Soc. Exper. Biol. & Med. 17:75, 1920. (c) Wehefritz, E.: Ztschr. f. 
menschl. Vererb- u. Konstitutionslehre 11:554, 1925. (d) Hamlett, G. W. D.: 
Anat. Rec. (supp. 2) 78:26, 1939. 

246. Greulich, W. W.: Am. J. Phys. Anthropol. 19:391, 1934. 

247. Gluecksohn-Schoenheimer, S.: Anat. Rec. 94:462, 1946. 

248. Danforth, C. H.: Am. J. Anat. 45:275, 1930. 

249. Newman, H. H.: The Physiology of Twinning, Chicago, University of 
Chicago Press, 1923. 

250. Sturkie, P. D.: J. Exper. Zool. 101:51, 1946. 
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slow formation of the corpus luteum; no response of the uterine mucosa 
to the early embryo; late placentation; cessation of development for 
three weeks ; deaxiation of the embryo; isolation of four growing regions, 
Hamlett *** opposes this view and assumes that only genetic control, and 
not differences in temperature or in metabolic rate, can account for a 
multiplicity of organization centers that occurs as regularly as that 
seen in the armadillo. In support of this he *** quotes the familial occur- 
rence of twinning in man and the fact that many mammals regularly 
show a standstill of early embryonic development without twins ever 
developing. These arguments do not completely disprove the first men- 
tioned hypothesis, as hereditary factors in man may be thought to produce 
twinning by reducing the metabolic rate at a given point, and the slow- 
ing of development in species without twinning may not occur just at 
the time when the organization center is established (of which time 
investigators have no knowledge). It is known that minute differences 
in the timing of teratogenic action may completely change the result 
(see part I). The assumption of cooling as the cause of twinning in 
birds is opposed by Riddle *** on experimental grounds. Needham‘ 
tends to agree with Hamlett’s view. Arey *** finds an increased incidence 
of monozygotic human twins in ectopic pregnancies and is therefore 
inclined to assume the existence of extrinsic factors. Here, as in many 
other teratologic arguments, it is often forgotten that many different 
agents, hereditary and environmental, may produce the same result and 
that the occurrence of one agent in some cases does not disprove the 
presence of others in other cases. 

The mutual relations of monozygotic twins and their membranes 
depend on the stage at which twinning occurs. According to Greulich,”* 
all three theoretically possible forms may occur: a fertilized egg cell 
may divide and the daughter cells separate themselves from one another 
and develop into twins with completely separated membranes and pla- 
centas. If twinning manifests itself later in development, a single blasto- 
cyst may develop but may contain two embryoblasts resulting in a com- 
mon chorion and separate amnions. Finally, from a single embryoblast 
in a single blastocyst two embryos may develop in one embryonic disk, 
resulting in twins with a common amnion and chorion, as well as a 
common yolk sac.*** If all these possibilities should concur, mono- 
zygotic twins could have all possible relations of their membranes, 
including separate chorions, which are often assumed to be proof of 
dizygotic origin. This, together with the fact that the chorions of dizy- 


251. Hamlett, G. W. D.: Quart. Rev. Biol. 8:348, 1933. 
252. Hamlett, G. W. D.: Quart. Rev. Biol. 10:432, 1935. 
253. Riddle, O.: Am. J. Anat. 32:199, 1923. 

254. Arey, L. B.: Anat. Rec. 23:245, 1922. 


Ry 
hee te 


GRUENWALD—MECHANISMS OF ABNORMAL DEVELOPMENT 503 


gotic twins may fuse secondarily into one, shows that the membranes 
cannot be relied on in the determination of the type of twinning in a 
given case. More and more emphasis is therefore being placed on. 
various hereditary somatic characters in the twins which should be 
significantly more similar in monozygotic than in dizygotic twins. How- 
ever, work with these somatic traits revealed intermediate conditions, 
which led Danforth **** to postulate a third type of twinning. In this 
type only one gamete, which can only be the egg cell, is common to both 
twins, whereas their paternal component is derived from two different 
spermatozoons. No definite explanation of the mechanism is given, 
but the following possibility is suggested on the basis of work on lower 
animals. Immediately after an egg cell has been penetrated by a sperma- 
tozoon it divides in such a manner that only one of the daughter cells 
copulates with the entire chromatin of the spermatozoon. The other 
daughter cell is subsequently fertilized by another spermatozoon. This 
hypothesis has been taken over by Greulich *** in a somewhat distorted 
form, according to which each of the daughter cells would finally be 
. triploid, with chromosomes from two spermatozoons. This is an unten- 
able as the old idea that twins derive from an egg cell fertilized by two 
spermatozoons. Boveri *** showed long ago that fertilization of an egg 
cell by two spermatozoons leads not to twins but to early death, owing 
to unequal distribution of the chromatin of three gametes among the 
poles of a tetrapolar mitosis during the first cleavage. 

The close topographic relations of monozygotic twins may lead to 
interference with the normal development of one or both partners. If 
extensive vascular anastomoses exist between the twins, particularly in 
a common placenta, one twin may become an acardius if its circulation 
is inferior to that of the other sibling and is finally taken over by the 
stronger one. The heart of the weaker twin will stop functioning, and 
the heart of the stronger one will drive the blood through the common 
placenta and the other twin. The acardius is invariably and severely 
maldeveloped in the late stage in which it is usually examined; large 
parts of the body are entirely absent. Two opposing views of the pos- 
sible development have been advanced,?** one holding that both twins 
are normal at first and differ only in vigor, and the other one assuming 
that the acardius is primarily maldeveloped, and its circulation taken 
over by the other twin as a consequence of this. Examination of a 
pertinent case of twins in a very early stage has recently ** produced a 
third suggestion, namely, that the future acardius may in itself be 
normal but have abnormal vascular conections with the other twin and 
the placenta. In the case in question, as well as in one briefly described 


255. Boveri, T.: Zellenstudien, Jena, Gustav Fischer, 1907, vol. 6. 
256. Schwalbe, E.: Die Morphologie der Missbildungen des Menschen und der 
Tiere, Jena, Gustav Fischer, 1907, pt. 2. 
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by -Heaney and Bartelmez,?** one of the twins has no direct vascular 


conections with the placenta. It is possible that any one of these three 
.mechanisms may occur, depending on the conditions in each case. 

Mechanical interference of twins with each other is occasionally 
observed. The history of the fetus papyraceus is not well understood. 
In early stages, pressure by a twin may cause invagination of the cranial 
end of the body into the yolk sac (omphalocephaly) ; this has been found 
in several birds.** Invagination of the caudal end into the yolk sac 
(ourentery), probably caused by the other twin, has been seen in a 
human ovum.** 


Double 


monsters are structurally closely related to monozygotic 


twins. All transitions exist from low degrees of duplicity, which may 
be almost unnoticeable externally, through the commonly illustrated 
types of double monsters (conjoined twins) to identical twins which 
have separated bodies but which have in common one of their most 
important fetal organs, the placenta. The fact that the last-named twins 
are really also conjoined has been emphasized by designating them as 
choriopagi because of their common chorion, in analogy with the term . 
“thoracopagi’ for twins fused at their chests. Hamlett **°¢ claims 
that monozygotic twins and double monsters are unrelated, basing his 
contention on the observation that double monsters do not occur in 
families with a hereditary tendency toward twining and are not related 
to inherited tendencies at all. Against this stand not only morphologic 
considerations but also the findings of Danforth *** of hereditary poste- 
rior duplication in mice. It is doubtful whether statistically significant 
genetic results can be obtained concerning human double monsters in 
view of the rarity of the condition and the possibility of inheritance by 
more than one gene, perhaps in interaction with genetic or environmental 


odifiers. Jn Spemann’s constriction experiments (see page 501) a 
varia inthe intensity of the same agent produced all transitions from 


double monsters to twins. 

The question has often been raised whether double monsters 
originate by splitting of one embryonic anlage or by fusion of two.’* 
To me this appears immaterial, since it is obvious that at some early 
stage, probably before the beginning of visible differentiation, a division 
of the germ into two parts with their own organization centers must 
have occurred. Whether or not they fuse later on depends largely on 
topographic relations which, in turn, are partly determined by the time 
at which the duplicity is determined. 

A considerable proportion of double monsters are asymmetric ; that 
is, one of the partners is defective, depends for support on the other and 
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is referred to as a parasite. A comparable condition in separate twins 
is the acardius (see page 503). All grades of intermediate conditions 
have been described, leading from the relatively weil formed parasitic 
twin to inclusions consisting of irregular mixtures of tissues or organs, 
namely, teratomas. Various theories of teratomas and their relationship 
to neoplasms will be briefly discussed later in this review. The occur- 
rence of twins and teratomas in the same families has been observed,?*® 
and interpreted as indicating a related pathogenesis. 


MEDIAN DEFECTS 


An indication of the importance of median defects and related prob- 
lems in the study of teratology was given in the brief review of cyclopia 
in the introduction to part I of this review. In addition to symmetric 
median defects of the head, including cyclopia, otocephaly and essentially 
similar malformations .of minor degrees, defects of the caudal portion of 
the body have been investigated in great detail. Best known among 
these are sirens with fused legs, but there are many other varieties, 
mostly of less extent. Some of these are of medical importance, since 
they are viable or may be so with the help of plastic surgery. Finally, 
there is a small and not so well investigated group of similar defects of 
the trunk which do not affect either end of the body and will here be 
referred to as interstitial defects. 

The median, symmetric defects of the head are often referred to 
under the common name of cyclopia (in the wider sense), and this will 
also be done here unless otherwise indicated. In the strict sense, 
“cyclopia” means a malformation in which the eyes are fused into one 
median organ. Several other defects are known to be regularly or 
frequently associated with this condition, such as a single median nasal 
cavity in a trunklike nose (proboscis) above the eye, defects of the oral 
cavity and of the derivatives of the branchial arches, and brain defects. 
Median defects of greater extent may lead to complete absence of the 
eyes. There may be ventral approximation or fusion of the ears, 
otocephaly. On the other hand, less degrees of median defects may 
leave the ears in their normal locations and the eyes approximated but 
separate (synophthalmia), or affect only the brain (arhinencephaly). 

It is superfluous to describe in detail the development of knowledge 
of cyclopia as briefly outlined in the introduction, since all work up to 
1936 has been reviewed by Adelmann.?® His view is briefly as follows: 
In the normal embryo the pattern for the prospective eyes and nearby 
parts of the brain is determined in the neural plate stage in a labile 
manner. In the production and maintenance of this pattern the under- 
lying tissue of the roof of the archenteron (the so-called substratum), 


259. Edmonds, H. W., and Hawkins, J. W.: Cancer Research 1:896, 1941. 
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and particularly the prechordal mesoderm, plays a leading role. The 
regular association of the malformation of the eyes and brain with defects 
of mesodermal parts in spontaneous and experimental cases indicates 
that an abnormality of the substratum (which develops into the defects 
of mesodermal parts) determines an abnormal pattern in the neural 
plate which in itself may have been normally formed. This was con- 
firmed when cyclopic changes were induced in normal neural plates of 
amphibian embryos by experimental defects of the substratum alone.?* 
It is not believed to be the rule that the primary defect comprises parts 
of mesoderm and ectoderm alike, although experimental defects of this 
kind have led to cyclopia.*** Only minor contributions to the problem 
of cyclopia have been made since Adelmann’s review. Lehmann *** 
assumes that among the parts of the substratum the entoderm is more 
important for the determination of ocular development than the 
mesoderm. Marburg and Mettler *** add to der studies of the 
morphologic aspects of cyclopia a detailed investigation of the nuclei of 
the cranial nerves. Gruenwald ** gives an explanation of the frequent 
absence of the optic nerve in cyclopia, which puzzled previous workers 
because it could not readily be accounted for by changes in the pattern 
of the developing eye on the assumption of a primary absence of the 
optic stalk. In conformity with observations of microphthalmia of chick 
embryos it is assumed that an optic stalk is present in early stages but 
degenerates when nerve fibers fail to grow into it because of absence 
of a choroid fissure. A very recent interpretation of cyclopia *® discards 
all previous hypotheses, however well founded, and proposes, on the 
basis of speculation, a different mechanism. The first aortic arches are 
assumed to fuse with one another and thus mechanically alter the direc- 
tion in which the primordia of the eye grow out from the brain, causing 
them to fuse. Apart from all other difficulties of this explanation, it is 
obvious that cyclopia cannot develop by fusion of two eyes which are 
pushed toward each other. It must be determined in the pattern of 
the formation of eyes previous to the actual outgrowth, and fused 
aortic arches can have no part in this. It may be of interest to compile 
the various causes of cyclopia and related defects as observed in the 
laboratory (see also part I): elimination of tissue by excision or 
radiation,® centrifuging of fertilized eggs,’* chemical treatment,” 
mutations or hybridization.** 
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The median symmetric defects of the caudal part of the body have 
not been investigated as thoroughly as those of the head. This is due 
largely to the peculiarities of the normal development of that region. 
There are not, as in the head, several distinct embryonic structures 
which, in order to develop properly, interact with each other in many 
ways. There is, on the contrary, a morphologically homogeneous mass 
of mesenchyme, the trunk-tail node. From this the respective parts of 
those organ systems arise which develop from distinct germ layers in 
the head region. This is a formidable obstacle to the experimental 
investigation of normal and abnormal correlations during early develop- 
ment. 

The best known and most conspicuous representatives of caudal 
defects are sirens which have their legs fused into one median extremity. 
The skeleton shows parts of both extremities more or less incomplete 
or fused as, for instance, two femurs, two tibias and one median fibula. 
The normally lateral (fibular) sides of the extremities are turned 
medially, owing to changes in the pelvis, and are therefore the first to 
fuse. The knee points backward. For a review of the morphologic 
aspects of sirens, see Gruber.*** Sirenoid malformations, as all caudal 
median defects have been called, also include minor degrees, such as 
sacral **° and lumbosacral **° defects, anchypodia (approximation and 
rotation of lower extremities without fusion) and other forms to be 
mentioned in the following pages. Examination of nonviable early 
embryos, homozygous for lethal genes, has revealed an instance of 
median defect severer than siren. In. homozygous T mice the entire 
caudal portion of the body is absent.*** These embryos die early. The 
reason why these forms are not usually seen is probably that they lack 
_ the allantois and its vessels, which are indispensable for the nutrition 
and the respiration of the embryo, and therefore die before they can 
be detected. 

Feller and Sternberg *** first devised a method by which all sirenoid 
malformations can be uniformly and systematically interpreted and 
classified. It is basically similar to that of Fischel in that it outlines the 
malformations in hypothetic early stages as wedge-shaped defects varying 
in length, width and position. This concept has been widely accepted, 
and Feller and Sternberg *** extended it to certain defects of pelvic organs 
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without abnormalities of the extremities, such as some forms of atresia 
ani and absence of the external genitalia. Klaften and Politzer *"* applied 
similar considerations to certain malformations with a persistent cloaca 
(a common terminal portion of the digestive and urogenital tracts). It 
is understood in all these considerations that, as in the corresponding 
concept of cyclopia, the defect is never present as a gap resulting from 
elimination of tissue but rather is present as a change which causes these 
median portions to be absent and more lateral ones to develop in contact 
with each other. While this concept can be used to classify sirenoid 
malformations, its validity as an explanation of the development of the 
malformations is open to the same criticism as the corresponding theory 
of cyclopia. It is implicitly based on the assumption of mosaic develop- 
ment, that is, development without correlation of the various parts con- 
cerned. That this cannot be taken for granted has been amply demon- 
strated in cyclopia. The possibility of a primary defect in only one organ 
in a key position, extending secondarily to other parts by developmental 
correlations, exists in sirenoid defects as well. Furthermore, the stage 
used by Feller and Sternberg in which to outline the defects, namely, a 
6 mm. human embryo, is too old to use in pointing out the primary lesion, 
particularly since these authors themselves justly state that in a siren 
the malformation is determined in the earliest known stages of human 
development, since the allantois and its vessels are affected. 

Very early stages of spontaneous sirens are not known. The youngest 
human siren on record 25 was a 19 mm. embryo, and its malformation 
is probably not a typical representative of the group. There is, however, 
ample information on the genetics, the structure and the embryonic 
development of related hereditary conditions, namely, taillessness and 
allied defects in mice *** and rumplessness in fowl.?"* In all these cases 
the caudal end of the body is normal until, at a stage characteristic of 
each form, degeneration sets in and previously normal-appearing parts 
disintegrate and disappear. In some cases there are associated mal- 
formations of the cloaca and the urogenital organs, even though no 
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degeneration has been found in these parts. This illustrates once more / 
the inadequacy of an over-all explanation based solely on the extent of 
the defect in its final form. In chick embryos another mechanism occurs 
which leads to defects of the caudal median portions and sometimes to 
approximation of the lower extremities. This is a ventral displacement 
of all axial organs (ourentery) or of the notochord alone (chordentery ) 
with subsequent partial or complete disappearance of the displaced 
parts."* Severe degrees are probably not viable, and mild degrees may 
well be the hitherto missing early stages of sporadic rumplessness. In 
these embryos the deviation of axial organs creates conditions equivalent 
to absence of their caudal parts. The youngest known human siren 75 / 
shows conditions closely resembling these ourenteric chick embryos. 
Similar defects have been produced experimentally by destroying certain 
parts of the primitive streak by means of roentgen rays at definite 
stages.** ‘According to the current concept of the action of teratogenic 
factors (see part I) it is easy to understand why the primitive streak 
with its great morphogenetic activity should be particularly susceptible 
to damaging influences, such as temporary retardations of metabolism.’ 

In reviewing the subject of sirenoid malformations, Gruenwald ?"* 
comes to the conclusion that some, among them: perhaps most of the 
human sirens, may well develop by a defect of just one leading part with 
subsequent abnormalities in other parts due to developmental correla- 
tions with the primary defect. This is assumed in analogy with cyclopia. 
However, in contrast to cyclopia, degeneration of previously normal 
parts, due to a hereditary deficiency, or dislocation of median organs 
plays an important role in many other instances. 

The common term “interstitial defects” will be used here for all 
those in which nondefective (though perhaps not entirely normal) 
regions bound cranially and caudally on a defect of the median organs. 
Human malformations with defects of the vertebral column and the 
spinal cord in the lumbar region but not in the sacral portion have been 
described by Liicke *** and by Feller and Sternberg.?** The latter authors 
also give references to similar reports in the veterinary literature. 
According to roentgenograms published by Dobrovolskaia-Zawadskaia 
and Kobozieff,?*° similar malformations occasionally occur in mice of 
short-tailed stocks; this indicates a close relationship of interstitial and 
sirenoid defects. Wolff * used localized roentgen irradiation to produce 
in chick embryos interstitial defects with symptérie, a median fusion of 
the upper extremities resembling sirenoid limbs, the more caudal regions 
not being affected. Treatment of amphibian embryos with lithium salts 
may, under properly controlled conditions, result in interstitial defects of 
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the notochord. However, these are not followed by defects of the 
vertebral column and the spinal cord even though these organs may be 
retarded or otherwise abnormal. 

Complete median defects of the entire length of the body have, to the 
best of my knowledge, not been reported and probably do not occur. One 
malformation of a chick embryo closely approaches this condition.?"* It 
shows cyclopia and, throughout the body, a defect of the notochord 
resembling that seen in cases of chordentery of caudal regions. The 
spinal cord is reduced in width throughout, the spinal ganglions are 
partly median and ventral to the spinal cord, the upper and the lower~ 
extremities are abnormally near the midline dorsally, the tail is reduced 
and the mesonephrons as well as the permanent kidneys are fused in the 
midline. 


SKIN 


Much work has been reported on the gross and minute morphologic 
aspects of prenatally developing abnormalities of the skin and its 
appendages. This has been reviewed by Landauer,*** David,** 
Steiner,?** Lynch,?**” Cockayne,*** Griineberg ** and others. However, 
very little is known about the developmental stages of these conditions. 
Many of the hereditary malformations of the skin, such as hairlessness 
in certain instances, develop only after birth. 

The following conditions have been well studied, though not with 
regard to their developmental mechanisms: ectodermal dysplasia, affect- 
ing in various combinations skin, hair, sweat glands, teeth, eyes and 
brain **°; epidermolysis bullosa.of hereditary *** or infectious origin 
(syphilis, pemphigus,** variola and vaccinia **"”) ; hairlessness (heredi- 
tary *** or resulting from maternal dietary deficiency ***) ; the Frizzle 
character of plumage of fowl ***; congenital tumors of the skin, often 
multiple ***; hereditary reduction in the number of mammary glands in 
guinea pigs ***° and mice.**® Several studies are on record of the postnatal 
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influence of defective heat regulation on the entire organism in Frizzle 
fowl.2°° Snyder and Doan ** published an interesting observation on a 
family with telangiectasia. The paternal grandmother, the maternal 
grandfather and both parents of a child had the usual mild type, and the 
child itself died with a severe, generalized form. The authors suggest 
that the gene for telangiectasia may bé lethal, being incompatible with 
life in homozygous form. 

Of considerable importance are fetal defects of skin and the ensuing 
scars, because of their clinical significance as well as their relationship 
to alleged amniotic adhesions (see the section on extremities). From 
case reports, the majority of which do not include histologic observations, 
it is impossible to judge whether necroses and ulcers have the same 
nature and cause in all cases. Liegner *** describes necrotic lesions of 
both forearms and indicates that oligohydramnios has caused the parts 
to press on each other at the sites of these lesions. Terruhn *** favors 
the old amniogenic theory in his discussion of cutaneous defects and 
scars. Pantschenko ***, in a report of a case with necroses of both fore- 
arms, mentions as possible causes defective hereditary constitution, 
trophoneurosis and Lutschflecken (sucking spots). Ombrédanne and 
Lacassie *®* give an excellent discussion of what they call maladie 
ulcéreuse intrautérine, with the conclusion that if there are amniotic 
adhesions they are the result rather than the cause of ulcers. These ulcers 
may be sufficiently deep to cause defects of skeletal parts. Greig *** 
describes median defects of the scalp, in which the normal layers are 
replaced by a thin membrane. He considers this membrane as a develop- 
mental substitute for the scalp, due to arrested development, rather than 
a scar. The median location and the familial occurrence speak against 
amniotic origin. Another report of a thin membrane at the vertex, com- 
bined with a cutaneous defect of the left leg, has recently appeared.?®" 
Ingalls *°* finds bleb formation under the epithelium in the development 
of these scalp lesions and assumes an inherent abnormality of the struc- 
tures concerned. All these reports are concerned with human anomalies. 
Hadley *°® describes hereditary defects of the skin of the legs of calves, 
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occurring in certain herds in the ratio of 1 diseased to 3 healthy calves. 
This clearcut case of a hereditary defect occurring in definite and sym- 
metric locations speaks strongly against amniotic adhesions as the cause. 
In connection with these considerations Streeter’s " arguments against 
amniotic causation of limb defects (the so-called amniotic amputations) 
should be remembered, as well as the familial and identical forms of 
these defects in man." 


CENTRAL NERVOUS SYSTEM 


The commonest gross malformations of the central nervous system 
are dysraphia (clefts dorsally in the midline: encephaloschisis and 
myeloschisis) and hydrocephalus. It has been commonly assumed that 
defects of the former type are due to failure of the neural groove to close. 
This is doubtless true for the majority of cases. However, Bonnevie *” 
showed that in two different hereditary malformations of mice the pre- 
viously closed brain breaks open again, thus producing a condition which 
may later on be indistinguishable from primary failure to close. In one 
of these instances (the “shakershort” mouse) abnormal brain develop- 
ment causes abnormalities of the inner ear although the otic vesicles are 
normal in early stages. Kaven *** observed changes essentially like those 
described by Bonnevie, in mouse embryos irradiated with roentgen rays 
in utero. Perhaps a comparable mechanism of secondary rupture can 
explain the observation of Paff *** that chick embryos may show dys- 
raphia when treated with colchicine at the age of 48 hours, that is, after 
the neural tube should have closed completely. Another instance in 
which the simple explanation—failure of a normal neural plate to close— 
may not be applicable is spina bifida of the caudal portions of the body. 
There is in the embryo a region in which the neural tube forms not by 
closure of a groove but by hollowing out of a solid cord; this occurs in 
the trunk-tail node. Just how large the caudal part of the body is which 
develops in this manner is not known. A region where development 
almost certainly occurs from the trunk-tail node is the base of the tail, 
where typical myeloschisis has been observed in a sheep embryo.** The 
appearance of the abnormality is too regular to make one assume a 
secondary dehiscence, and the most probable explanation is that a neural 
plate was formed where it would not normally develop. This considera- 
tion may very well hold for the sacral region of the human embryo, 
where dysraphia is relatively common. This will not be definitely known 
until the exact extent of body formation from the trunk-tail node in man 
is determined. . The clinical aspects of dysraphia have been discussed 
by several authors.* 
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A peculiar and teratologically interesting form of encephaloschisis 
and myeloschisis occurs frequently in chick embryos but has, to the 
best of my knowledge, not been seen in man and mammals, This 
is platyneuria, characterized by a flat, abnormally thick neural plate. 
If there is any attempt to form a neural groove, it is not by rising of the 
borders as this occurs in early stages of normal development or remains 
permanently in some cases of the usual dysraphia but by a narrow, steep 
infolding of the median portion alone while the lateral parts remain 
flat.** The differentiation in later stages is severely disturbed in all 
cases, a phenomenon which is not observed in the usual dysraphia. In 
the brain the usual divisions cannot be recognized, and the eyes are either 
absent or so severely deformed that one may not recognize them until 
in late stages by their pigmentation. ‘Histogenesis is also abnormal,' and 
numerous rosettes may be found in the brain substance.*°* Thus platy- 
neuria is not only an inhibition of the normal folding and closure of the 
neural plate but a thorough disturbance of many phases of its organiza- 
tion as well. In many laboratories platyneuria occurs frequently, per- 
haps owing to unfavorable conditions of incubation, such as inadequate 
ventilation. Experimentally, platyneuria has been produced by a great 
increase of the concentration of the carbon dioxide in the air.* In this 
connection a recent report of Patten ** is of great interest. It indicates 
that in human dysraphia there is also an abnormal growth tendency, 
producing an abnormally large neural plate. This is considered as a 
possible cause of the failure to close. I have confirmed this in part of 
the cases at my disposition. The thickening of the neural plate is not 
accompanied by the other severe disturbances found in platyneuria of 
the chick. 

It seems that there are rare cases in which mechanical injury causes 
the brain of the human embryo to rupture at points distant from the 
normal line of closure. These cases have added interest because there 
may be nodes of nervous tissue growing within the lungs, owing probably 
to embolism at the time of the injury.** 

Hydrocephalus is usually the result of obstruction of the route which 
the cerebrospinal fluid takes from the ventricles to the subarachnoid 
space. At least three different kinds of hereditary hydrocephalus of 
mice are known, and these have been studied in some detail. In one of 
them the aqueduct was obliterated.*°* In another one an abnormal con- 
figuration of the roof of the fourth ventricle is caused by a disturbance 
of the growth of the cartilaginous base of the skull.*** The third muta- 
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tion,*°* as well as hydrocephalus produced in embryos by roentgen 
rays,°*’ has not been investigated embryologically. : 

Lichtenstein *°* has given a plausible explanation of those relatively 
numerous cases in which hydrocephalus of man is associated with spina 
bifida of the lower portion of the spinal cord. He found that relative 
shortening of the spinal cord, which normally results in a cranial move- 
ment of the lower segments, produces a caudad movement of the upper 
segments if the lower portion is held in place. This draws parts of the 
brain stem and cerebellum through the foramen magnum into the spinal 
canal (Arnold Chiari malformation) and thus interferes with the drain- 
age of fluid from the ventricles. Ingraham and Scott *° studied 20 cases 
of this malformation in detail and observed, in addition to other phe- 
nomena, that all had microgyria. I have made the same observation in a 
smaller series of cases. Certain forms of hydrocephalus have been 
treated surgically.*'° 

Porencephaly is thought to be due either to degeneration of pre- 
viously normal brain tissue—for example, by occlusion of blood vessels— 
or to rupture of the brain in hydrocephalus.*** Yakovlev and Wads- 
worth *'* have shown that there are, in addition to porencephaly due to 
secondary changes, rare conditions in which a developmental anomaly 
must be assumed (schizencephaly). These defects are strictly symmetric 
and in typical locations. 

An accidental discovery in mice of normal behavior was a hereditary 
defect of the corpus callosum.*'*. 

Several abnormalities of the minute structure of the central nervous 
system, often associated with gross malformations, are on record. 
Rosette formation has been suggested as a possible link between mal- 
formations and neoplasms of the nervous tissue, as it is observed in both 
conditions.*°* When they appear as a malformation, rosettes consist of 
minute cavities with lining cells in a radial arrangement, resembling 
ependyma. Numerous rosettes are often found in the brains of platy- 
neuric chick embryos.*°* Occasionally rosettes occur associated with 
other malformations. Their development has not been adequately fol- 
lowed as yet. Their form and location, as well as their similarity to 
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rosettes of the retina, which are known to develop independent of the 
ventricle,*** suggest that they also develop in loco and are at no time 
continuous with the ventricles. Occasionally rosettes are found in the 
brains of embryos with hereditary microphthalmia and rosettes of the 
retina.*** Groups of rosettes occur normally in the human brain—for 
example, in the medulla oblongata near the insertion of the tela choroidea. 

Other kinds of cavities and rarefactions in the brain tissue occur 
normally in embryos of birds and mammals, including man, and dis- 
appear without leaving a trace.*** The only indication of a teratologic 
significance of these formations is the observation that they also occur 
in association with gross malformations of the nervous system (brain, 
spinal cord, cranial and spinal ganglions) in regions where they are not 
normally found.*** 

There are several syndromes of multiple abnormal growths of the 
central nervous system and other organs, and perhaps the best studied 
of these is tuberous sclerosis. There is fair agreement that the condition 
is congenital, even though in the reported cases the patients were not 
very young persons. There are multiple tissue malformations involving 
the brain, the eyes, the heart, the kidneys and the skin; they show a 
tendency to form noncancerous and, less frequently, cancerous tumors. 
Feriz *!® suggests that the abnormal foci develop as ‘overgrowth of 
atypical, functionally inferior tissue, at the points of defects due to inhi- 
bition of the genesis of the normal tissue; this explains the coexistence 
of defective and excessive formations. Yakovlev and Guthrie *** classify 
tuberous sclerosis as one of several types of congenital ectodermoses, 
and they emphasize the existence of abortive forms which on superficial 
examination may pass for idiopathic epilepsy. Moolten *** describes 
tuberous sclerosis as an example of “disseminated hamartiosis” and 
explains it in vague terms as due to “a defective mechanism of induction 
by embryonic organizers.” It was shown in foregoing paragraphs that 
there are many mechanisms of development of simple and combined 


malformations which Moolten does not consider and rule out. Obvi- 


ously, all theories based on the final structure of the mal/ormation alone 
are at best working hypotheses until they are confirmed either by exam- 
ination of early stages or by experimental reproduction of the condition. 

Nonhereditary feeblemindedness is due in a large proportion of the 
cases to causes operating during embryonic development or at birth. 
Research has shown or suggested several possible causes during the 
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past few years. Besides those causes which have been known for a long 
‘ time, one has to consider: syphilis, rubella*** or toxoplasma infec- 
~ tion **°; maternal endocrine deficiency *** or abnormal conditions of the 
» endometrium **° in the case of mongolism; maternal dietary iodine defi- 
“ciency ***; injury caused by mechanical trauma or anoxia at birth °°; 
~ heterospecific pregnancy (Rh blood group and less frequently others) **; 
~roentgen irradiation of the fetus (see part 1). Now that these causes 
of feeblemindedness begin to be appreciated, a wide field is opening 
up for preventive medicine.*** In addition, some of the just mentioned 
‘ causes also confine persons to institutions by producing deafmutism or 
blindness. In the cases of syphilis, toxoplasmosis, roentgen irradiation 
and birth injury the morphologic basis of the disturbance is established 
~ with relative ease ; in the cases of anomaly associated with rubella occur- 
ring during pregnancy and of mongolism the mechanism is unknown. 
For the damage that occurs in heterospecific pregnancy several mechan- 
‘isms have been suggested. Damage of the brain may result from 
damage of the liver **** or from a disturbance of development due to 
\anemia and anoxia.**** Recently Wiener and Brody *** observed thrombi 
in cerebral vessels. The well known condition of kernicterus (encephalo- 
myopathy with icterugs) indicates damage of the brain as it is not 
explained by jaundice alone.***** However, it is not yet established 
whether in all infants with kernicterus disturbances develop if they 
survive, nor do investigators know whether mental deficiency is limited 
to patients who had kernicterus, since the presence of the latter cannot 
be determined in the living patient. A more comprehensive discussion of 
the effects of heterospecific pregnancy will be given in a later section 
(page 557). 
There are several types of hereditary defects associated with mental 
deficiency, which are only recently being identified and segregated from 
one another and from those without a genetic basis.*** 
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Correlations between various parts of the body and the region of 
the central nervous system which supplies them have been observed 
in malformations. Tsang **® and Baumann and Landauer found 
increased numbers of cells in the ventral horns of the spinal cord cor- 
responding to polydactylous limbs in mice and chicks, respectively. In 
experimental chick embryos the differentiation of the spinal cord is 
influenced by extirpation or transplantation of the primordia of 
limbs.*** Chase **® describes in detail the defective development of 
certain cranial nerves and brain centers in mice with hereditary microph- 
thalmia. Conversely, defective innervation may affect the development 
of various organs. The differentiation of the skeleton in nerveless trans- 
planted limbs of chick embryos has been examined by Hamburger and 
Waugh.**° The occurrence of clubfeet in newborn infants with lumbo- 
sacral spina bifida is well known. 


EYES 


Very large numbers of ocular malformations, hereditary as well as 
sporadic, are on record. Mann’s book and Howe’s *** enumeration of 
hereditary malformations of the eye show the number and the variety 
of types. Stockard ** has expressed what is probably the generally 
accepted explanation of this great tendency of the eyes to abnormal 
development. He assumes that the rapid rate of growth and development 
in early stages accounts for the high susceptibility to various injurious 
agents which act by retarding development at a given moment. There 
is no known type of teratogenic agent which will not under certain con- 
ditions produce ocular malformations (see part I). 

The present discussion will be limited to a few instructive examples 
of ocular malformations which have been thoroughly investigated as to 
their embryonic development. 

Many malformations of the eye have been described as microphthal- 
mia because they are associated with a reduction in the size of the eye. 
Often microphthalmia has erroneously been called anophthalmia if the 
small eye was not externally visible. True anophthalmia is very rare, 
and when it occurs it may be due to regression rather than to complete 
primary absence of the primordium of the eye.***? Best studied are 
several hereditary forms of microphthalmia. While in each of these 
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the changes in embryos are fairly uniform and follow a definite pattern, 
no uniformity of structure or development is seen when the malforma- 
tions caused by different mutations are compared. In the following dis- 
cussion microphthalmia will be divided into two types comprising, 
respectively, severe general underdevelopment of all derivatives of the 
optic cup, and abnormalities restricted primarily to one part—for exam- 
ple, the choroid fissure or the retina. 

Representative of hereditary microphthalmia with severe general 
inhibition of development are the mutations described by Chase and 
Chase **? and by Browman and Ramsey.*** The former authors exam- 
ined the genetics and the embryologic aspects of a mutation causing 
anophthalmia or microphthalmia in the mouse. The optic vesicles, and 
often the cups, form as in normal embryos. However, the choroid fissure 
never closes, remaining as a coloboma. Then retardation sets in, and 
in severe cases degeneration seems to occur, so that at birth all remnants 
of the eye may have disappeared or may be too inconspicuous to be 
found. A lens vesicle forms only if the optic vesicle comes close to the 
epidermis. 

Browman and Ramsey examined the embryonic development of 
microphthalmia in a strain of rats and found that an optic cup always 
exists in the embryo. In later stages it fails to grow and differentiate 
normally, and at birth the small rudiment of an eye may be degenerating. 
Lenses are formed in these eyes. The authors attribute much importance 
to failure of the hyaloid artery to develop, so that vessels of the rim of 
the optic cup are the only ones to supply the interior. Development 
goes on normally only as long as the tissues do not depend on the blood 
supply of the hyaloid artery. The microphthaimic eyes as well as many 
otherwise normal eyes in animals of this strain are devoid of an optic 
nerve. In both of the mutations which have thus far been described, 
not only growth but also histogenesis of the eye is severely impaired. 

Sporadic microphthalmia is relatively common and often reaches 
degrees comparable with the just described hereditary forms. Here 
the embryologic aspects cannot be investigated systematically, and it 
is necessary to examine whatever forms and stages happen to present 
themselves, often without knowing what the earlier or later phases 
of the same malformation may bes This has been done in a fairly 
large number of chick embryos,’* and the following conclusions resulted 
from the interpretation of the findings. Malformations grossly visible 
as microphthalmia are often not limited to the reduced eye. The adja- 
cent parts of the forebrain, as well as the normal-sized other eye may 
be affected as well. The ocular malformations do not conform to any 
one type. Any part except the pigmented epithelium may be com- 
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pletely absent. The only manner in which these varied defects can 
be accounted for is that of an abnormal determination of the parts in ! 
the early primordium of the eye. An indication of the stage in which 
this determination can still be altered is given by the predominance 
of this kind of microphthalmia on the left side. This is most probably 
due to a temporary handicap of the left eye at the time when the head 
turns to the side, in embryos of about 2 days. The left eye is then 
far from the egg shell and does not receive as much oxygen by diffusion 
as the right eye, which is just under the shell. Circulatory oxygen 
supply sets in somewhat later, and during this interval a high percentage 
of normal embryos show a temporary lag in the development of the 
left eye. This is the only known factor which may selectively damage 
the left eye and thus increase its susceptibility to other injurious agents. 
At that time the optic vesicle begins to transform itself into the cup, 
and at this late stage the determination of the various parts of the eye 
is apparently not sufficiently rigid to prevent changes. 

The interpretation of these malformations suggested that teratogenic 
agents of the following three kinds are all active: An agent within the- 
eye itself is its high susceptibility due to rapid development (see opening 
paragraph of this section). An agent extrinsic to the eye but within~- 
the embryo is the rotation of the head which favors malformations of 
the left eye. That these two agents in themselves are not sufficient is 
obvious, since they are present in the normal embryo. However, they 
influence the intensity and the localization of the reaction to the third 
kind of factor, apparently extrinsic to the embryo. A hint of the 
possible nature of the latter is given by Stockard,” who found an 
increased incidence of sporadic microphthalmia in eggs incubated 
in an atmosphere contaminated by laboratory fumes. This may well 
hold for the cases used in the investigation just quoted. Landauer 4 
emphasizes that a higher percentage of maldeveloped chicks are found 
in eggs incubated under unfavorable conditions. A higher incidence of 
microphthalmia of the left side of the chick embryo was also found 
elsewhere in sporadic cases,” as well as in selenium-induced condi- 
tions *® and in homozygous Creeper embryos.** The last-mentioned 
observation led Cairns to refer for the first time to the unequal oxygen 
supply of the eye when the head rotates; in that particular case the 
condition is aggravated by an inadequate circulation in later stages. 

Detailed information is available on a type of microphthalmia of 
mice which is genetic so far as the causative agent develops on the 
basis of a hereditary abnormality; the immediate action on the eye 
is mechanical if that agent, a bleb of cerebrospinal fluid moving 
under the epidermis, happens to reach the region of the eye.*** The 
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hereditary condition is usually referred to as “myelencephalic blebs”; 
it will be described in a later section (page 556) in its various 
manifestations. 

A number of mutations are known which produce milder. forms 
of microphthalmia with little impairment of histogenesis and no sec- 
ondary degeneration of the eyes, but with formation of a coloboma. 
All colobomas to be considered here are clefts of the eyeball produced 
by abnormalities of the choroid fissure. Diagrams of the form and 
the development of the three fundamental types of coloboma are given 
by Mann™ and Gayer.? One type is the embryonic coloboma in 
which the fissure remains open. The boundary of the retina and the 
pigmented epithelium is at the lips of the fissure. The second type, 
embryonic coloboma with orbital cysts, also has an open fissure, but 
the retina extends beyond the lips and forms both layers of the cup 
in an area adjacent to the fissure. The outer layer is inverted, with 
the inner limiting membrane facing outward. These inverted portions 
of retina in the outer layer of the cup near the fissure tend to bulge 
outward in later stages, forming orbital cysts. The third type is the 
ectatic coloboma. This has in common with the second type the pres- 
ence of inverted retina in the outer layer near the fissure, but the 
fissure closes later on. As in all areas where the outer layer consists 
of retina instead of pigmented epithelium, the connective tissue coats 
of the eyeball are deficient, and both layers of the cup bulge outward 
together. 

Von Hippel *** was the first to examine systematically the embry- 
onic stages of hereditary coloboma in rabbits. Other authors *** have 
since carried out similar investigations in apparently unrelated strains 
of rabbits with the same malformation. All agree that the choroid 
fissure remains open and that an increased amount of mesenchyme 
is found between its lips and in the interior of the cup. Hippel 
assumes that this mesenchyme causes coloboma by preventing closure 
of the fissure, whereas von Szily maintains that the fissure, that is, the 
ectodermal tissue, is primarily abnormal and that the mesenchyme enters 
because of this abnormality. All authors found inverted retina in the 
outer layer of the optic cup adjacent to the fissure, and all three of 
the aforementioned types of coloboma may result. Von Szily has 
published illustrations of numerous plastic reconstructions of these eyes. 
Warkany and Schraffenberger *** have observed the development of 
coloboma in the embryos of rats with vitamin A deficiency. 

Much experimental work has been done with chick embryos homo- 
zygous for the Creeper factor, in which coloboma develops if they 
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reach sufficiently late stages. If incubated without experimental inter- 
ference, the majority of the homozygous Creeper embryos die on the 
fourth day, apparently because of a defective circulation of blood in 
the wall of the yolk sac.“ Those which survive have phokomelia and colo- 
boma and die shortly after hatching time. The various manifestations of 
the Creeper mutation will be summarized later in this review (page 554). 
Gayer *°* found that in eyes of homozygous Creeper embryos trans- 
planted to the flanks of normal embryos colobomas develop similar 
to those of phokomelic embryos. However, eyes of normal control 
embryos transplanted in the same manner show colobomas of the same 
type. Thus the altered environment produces a phenocopy of the 
Creeper coloboma in genetically normal eyes. Orthotopic transplanta- 
tion of a homozygous Creeper eye to the ocular region of a normal 
embryo produces an eye without coloboma.**’ The reverse experiment. 
namely, transplantation of a normal eye to the corresponding site in a 
homozygous Creeper host, was successful only in 1 case, owing to 
the high mortality of the Creeper hosts. The transplanted eye had a 
coloboma. All these experiments demonstrate the importance of an 
influence of the environment on the optic cup in the formation of 
coloboma. Gayer and Hamburger **’ conclude that in the homozygous 
Creeper embryo the optic cup is primarily normal and that only its 
environment is abnormal. Landauer *** points out that this is only 
one of several possible interpretations of the experiments and that the 
normal properties of the cup are not proved, even though the influence 
of the environment on the cup is beyond doubt. 

In addition to cases of microphthalmia with a fairly good differentia- 
tion of most parts and with coloboma, there are other small eyes in 
which the principal parts are also differentiated but the retina shows 
histologic abnormalities. Rosettes and folds of the retina have been 
found under various conditions. They occur in a strain of chickens with 
hereditary bilateral microphthalmia caused by a simple recessive gene.**® 
The embryologic aspects of this condition have been studied,*** and it 
has been shown that the rosettes arise in previously normal eyes without 
any folding and that their cavities are at all times separated from the 
cleft between the two layers of the cup. Later on folds develop in such 
a manner that the rosettes are on their crests, or else they are independent 
of rosettes. As soon as these abnormal differentiations appear, the eyes 
lag in growth. 

Similar rosettes have repeatedly been found in the eyes of mam- 
malian,** including human,®® embryos exposed in utero to roentgen 
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rays. They also occur, though rarely, without apparent cause.*#° Gold- 
stein and Wexler ° hold that rosettes may be formed from retinal folds 
as well as from dislocated cells, the latter apparently because the normal 
cells in the same layer do not normally multiply as do those of the 
rosettes. While it is true that the cells of the rosettes resemble those 
bordering on the cleft between the two walls of the optic cup, there is 
little to be gained by referring to them as dislocated, since all cells of 
the retina are derived from that one layer. In the rosettes the cells - 
have apparently retained the ability to multiply, which is normally lost 
when cells move away from the outer border, and have at the same time ~ 
failed to differentiate like the surrounding cells. 


An entirely different abnormality of the retina, occurring in eyes 
of normal size, has been found as a mutation in mice. The formation 
of rod cells is partly or completely inhibited, depending on the presence of 
modifying genes.*** 

The optic nerve may be absent in cyclopic, in microphthalmic or in 
otherwise normal eyes. Fischel * assumes that cyclopic eyes are devoid 
of the nerve because thé cyclopic defect eliminates the optic stalk, the 
eye subsequently constricting itself off from the brain. Adelmann **4 
describes this process in lithium-induced cyclopia. However, in part of 
the cases of cyclopia and in cases of sporadic microphthalmia of chickens 
absence of the optic nerve has a different cause.*** All these malformed 
eyes have optic stalks in early stages. If no nerve fibers grow into the 
stalk either because there is no retina or because the usual pathway is 
obstructed by absence of the choroid fissure, the stalk degenerates at the 
end of the first week of incubation and soon disappears completely. In 
several cyclopic eyes without optic nerves indications of a primary 
absence of the choroid fissure were found.*® In a strain of microph- 
thalmic rats described by Bowman and Ramsey *** (see page 518) 
the optic nerve is frequently absent. The authors consider absence of 
the hyaloid artery as the cause, without explaining the mechanism. 
Atrophy of the previously normal optic nerve has been found in cattle 
as a sequel of abnormal narrowness of the bony canal. This, as well 
as paralyses, appeared in the offspring of cows with a nutritional defi- 
ciency of an unidentified factor, perhaps vitamin A.** 

The lens may be affected during embryonic development by a variety 
of factors. The action of chlorobutanol on the early phases of its forma- 
tion in amphibians has been examined by Lehmann.'** This compound 
produces undersized but otherwise normal lenses. In later stages of the 
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development of the eye, cataract may develop on a hereditary basis *** or 
through the action of chemicals (galactose,‘** naphthalene **) or roentgen 
rays.°** 

N umerous reports have recently described cataract in children of 
mothers who contracted rubella during the early months of pregnancy.**° 
The mechanism is not known. 

The development of accessory structures of the eye, such as extrinsic 
muscles, cornea, lids, conjunctiva and lacrimal glands, is apparently 
independent of the eyeball to a considerable degree, and, as a result, 
these structures are often better developed than the eye itself in cases 
of microphthalmia.** 


DIGESTIVE AND RESPIRATORY TRACTS 


Abnormalities of the teeth will be treated in part III of this review, 
since most of the experimental work has been done with continuously 
growing teeth of adult animals. 

Major malformations of the digestive tract have gained clinical 
importance during the past few years since technics have been perfected 
for the surgical treatment of the most common forms.*** Accounts of 
the development of malformations, such as atresia, are based largely on 
observations of the final conditions and on conjectures concerning the 
early stages. It has, for instance, been claimed that atresia of the 
duodenum is favored by the epithelial occlusion of the lumen which 
normally occurs in the embryo, the lumen in abnormal cases not being 
properly canalized but penetrated by connective tissue. This, however, 
does not explain the very similar atresia occurring elsewhere in the 
intestine, where there is no temporary epithelial occlusion. In some of 
these cases an intestinal loop may have been cut off when it failed to 
retract properly from the normal umbilical hernia.*** Atresia of the 
esophagus combined with tracheoesophageal fistula in its most common 
form, in which the lower segment of the esophagus opens into the 
trachea, has received much consideration. The hypothesis that it is due 
to delay of the process whereby the respiratory anlage is separated from 
the digestive tube and to a consecutive process whereby part of thé 
esophagus is incorporated into the posterior wall of the trachea is sup- 
ported by the fact that esophageal tissue has been seen in the posterior 
wall of the trachea in newborn infants and, in an early stage, in a chick 
embryo.*# 
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‘Malformations of the liver and the pancreas consist largely of 
occlusion of their ducts at various points and of cysts of the ducts. Poly- 
cystic malformations of the liver, the pancreas and the kidneys or of two 
of these organs are relatively frequently combined in one person.**° This 
is intriguing since the development of the pancreatic and hepatic ducts 

’ differs considerably from that of the renal tubules. ; 

; Cysts, atresia and stenosis of bile ducts are multiple in a high propor- 
tion of cases.*** No direct observations of developmental stages of these 
malformations exists. Numerous speculations concerning this subject 
will not be reviewed. Moolten ** has recently favored the hypothesis 
that polycystic disease of the liver and the kidneys is a type of hamar- 

\tiosis, that is, a multiple tissue malformation, and that it is due to 

~deficient organizer action. Atresia of ducts, on the other hand, is 

~ thought to be aplasia due to a deficiency of the tissue itself. However, 
it is obvious that atresia of the extrahepatic bile ducts, as in Moolten’s 
own case, cannot be aplasia. The duct must have been present at one 
time, or no liver could have been formed. If atresia is due to a defect of 
tissue, this defect cannot be in the form of aplasia but must occur only 
as a secondary change. 


“Cystic fibrosis of the pancreas is of considerable clinical importance 
because its signs must be differentiated from those of other diseases 
not caused by malformations. At birth the changes in the pancreas 
are in their early phases. There is moderate distention of small ducts 
with inspissated secretion, as well as slight fibrosis. These changes 
progress to severe fibrosis with destruction of many acini and cystic 
dilatation of ducts. The deficiency of pancreatic secretion in the intes- 
tine causes either meconium ileus in the fetus or a severe nutritional 
deficiency and disturbance of intestinal function in the infant. Meco- 
nium ileus is due to inadequate digestion and subsequent hardening of 
the meconium.**? This meconium can easily be digested by pancreatic 
enzymes in the test tube, but attempts to —— it by the same agents 
in vivo have not yet been successful.*** 


Four explanations have been offered for the cause and development 
of cystic fibrosis of the pancreas. In evaluating these, one must remem- 
ber that any obstruction of the flow of secretion may produce cystic 
fibrosis and that it is not necessarily due in all cases to the same cause. 
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Several workers *** have proved by an examination of serial sections 
of the pancreas that congenital stenosis or atresia of the main duct 
was present in their cases. In other instances of pancreatic fibrosis 
no anatomic malformation of this kind was found in serial sections.*** 
Andersen *** found in a considerable percentage of cases of pan- 
creatic fibrosis squamous metaplasia of the ducts, and she suggested 
that this may be the cause of stenosis and of retention ‘of secretion. 
The interpretation of this metaplasia is difficult because it may also 
~ be the sequel of vitamin A deficiency secondary to pancreatic achylia.~ 
This is demonstrated by a case examined by Oppenheimer,**** in which 
there was squamous metaplasia of the bronchi and salivary ducts, while 
atresia of the pancreatic duct accounted for pancreatic fibrosis and 
vitamin A deficiency. 
Brody **** found in cases of pancreatic fibrosis inclusion bodies r 
suggesting a fetal infection. However, occlusion bodies occur not 
rarely in infants without pancreatic disease and, on the other hand, 
are absent in the majority with that disease. That they are related to 
the cause of pancreatic fibrosis is therefore doubtful. 
Farber *** assumes that an abnormal secretion is produced which - 
is so viscid that it occludes the ducts (“mucoviscidosis”)*7 This is 
thought to be caused by abnormal stimulation originating from the 
autonomic nervous system. Farber *** produced in kittens with pilo- 
~ carpine a condition similar in all important respects to pancreatic 
fibrosis of human infants. More recently Glanzmann *** and Riniker **° 
have also referred to an abnormally thick secretion, and Andersen 
and co-workers *** have voiced an opinion similar to that of Farber. 
The associated pulmonary changes (bronchiectasis, emphysema) are | 
explained by Farber *** on the basis of viscid bronchial secretion, 
whereas Andersen and co-workers **? assume a secondary vitamin A 
deficiency with squamous metaplasia of the bronchial epithelium. 
The familial occurrence of pancreatic fibrosis has long been known. 
It has recently been. discussed by Andersen and Hodges.**” 
The subject of pancreatic fibrosis has recently been reviewed by 
Wiglesworth.*** 
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Large numbers of. newborn infants die with poorly aerated lungs, 
In some cases this is doubtless due to extrapulmonary factors, such as 
disturbances of the respiratory center or mechanical obstruction of the 
air passages. In many others, however, the cause is probably in the 

~ lungs themselves.*** This problem is closely linked with that of fetal 
respiratory movements. It has been claimed that the contents of the 
amniotic sacymay be aspirated in utero and that this may cause an 
inflammatory reaction of the lung tissue which later on prevents 
expansion of the alveoli.*°” Some authors hold that respiratory move- 
ments, by which amniotic fluid is necessarily aspirated, regularly occur 
in the fetus and are even instrumental in the normal development of 
the lungs.*** The latter contention has been disproved by Potter and 
Bohlender,*** who showed in a case of complete atresia of the larynx 
and in one of accegsory lung that lung tissue which could not 
have expanded during respiratory movement nevertheless developed 
normally. The assumption that normal fetal lungs are partially 
expanded *°¢ is based on inconclusive evidence. A slight experimental 
interference, such as anesthesia and laparotomy, even without opening 
the uterus, may cause anoxia of the fetus, particularly near term. If 
one sees respiratory movements under these conditions, this does not 
necessarily represent the normal condition. 

It is true that almost all stillborn infants have expanded alveoli 
filled with amniotic fluid,**’ but this is not the normal state. Windle *° 
has shown that if the trachea of the animal fetus is clamped before 
it is in anoxia, the lungs are atelectatic. If a little more time elapses 
during the experiment, the fetus begins to gasp in utero and then shows 
histologically the same condition which prevails in the stillborn infant. 
It is common experience that large parts of the lungs of the young 
infant with poor respiration have collapsed alveoli. Therefore several 
authors *** assume that there are normally no intrauterine respiratory 
movements. If such movements occur during temporary anoxia of the 
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fetus and lead to aspiration of contents of the amniotic sac, future 
respiration may be impaired in one or both of two developments: 
One is mechanical, solid or fatty material filling or lining the air 
spaces *°°; the other is a fetal pneumonia which is caused in rare cases 
by the aspirated material. The manner in which the lung tissue reacts 
to these foreign substances varies greatly.*°’® In addition to the irrita- 
tion caused by sterile material there may be a congeriital bacterial 
pneumonia which also occurs only after aspiration of contents of the 
amniotic sac.**° During periods of anoxia the fetus may discharge 
meconium, which will stain the vernix caseosa yellow.*** Even the 
aspiration of meconium or of yellow vernix often fails to cause an 
inflammatory reaction of the alveoli. 


SKELETON AND EXTREMITIES 


Several reviews of the tremendous variety of skeletal malformations 
are available.*** The developmental mechanism has been investigated 
in a relatively small number of these, and only this will be discussed 
here. 

Duplication of entire extremities or large parts has repeatedly been 
produced in embryologic transplantation experiments in forms com- 
parable with those occurring in man and other mammals, and the 
mechanisms of both kinds may well be similar in some respects. A 
single embryonic limb bud produces a double limb when transplanted 
in certain abnormal positions, and it has been concluded that the 
normal limb bud has an inherent tendency toward duplication which 
is normally suppressed.**® 

Excessive or reduced size of extremities may develop in several 
ways. It may be due to a somatic mutation, as has been assumed 
particularly when it is part of a general difference in size between 
the two sides of the body. A good example has recently been observed 
in a chicken.*** More references to similar lateral differences and 
other mosaics believed to be caused by somatic mutation may be found 
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in textbooks of genetics and in Hollander’s review.* Another cause 
of abnormal size of extremities or of parts of them, with normal pro- 
portions within the part concerned, has been discussed by Politzer.*" 
It is recalled that the embryonic limb buds develop as harmonious 
equipotential systems; that is, their cells have equal potencies, and 
the whole primordium develops into a harmonious limb, to a high 
degree independent of the amount of tissue present. Increased or 
decreased size of the whole will thus produce a limb of abnormal size 
but normal proportions. As a limb develops and its various parts 
are determined in its tissue, new harmonious equipotential systems 
develop for smaller parts, such as the forearm, the hand, the joints 
and the digits. At any of these stages an abnormal amount of tissue 
will produce parts that are of normal proportions within themselves 
but out of proportion with the rest of the body. In addition to obvious 
abnormalities of size, another malformation has been explained on 
this basis, which at the first glance does not seem to have anything 
in common with these, namely, congenital dislocation of the hip joint. 
Braus *** made experiments in amphibians which indicate that at 
certain periods there exist independent harmonious equipotential 
systems for the two components of the joint. He showed that in con- 
genital dislocation the fossa is in itself well proportioned in its struc- 
ture but is too small for the head of the femur and that a reduction of 
_ the amount of tissue available for the fossa brings about a condition 
comparable with the human malformation. It is well known that in 
man dislocation of the hip joint is familial, and Faber *’* described a 
lesser degree occurring in affected families, which he called dysplasia. 
It produces no dislocation but can be detected by roentgenogram. 
Many defects of the extremities, of varying extent and appearance, 
have long been regarded as the results of intrauterine amputation by 
amniotic bands and adhesions. Many authors still adhere to this 
concept even though strong arguments have been brought forward in 
favor of a different origin of all or most of these defects. Streeter" 
emphasizes the histologic abnormalities of the tissues at and near the 
site of the defect. He assumes that primary and intrinsic abnormalities 
of the tissues, and not mechanical action of amniotic adhesions, are 
responsible, and that adhesions are sequelae of the fundamental abnor- 
malities. In the same year Ombrédanne and Lacassie ** arrived at 
similar conclusions when studying clinical cases. They point to various 
associated lesions, such as syndactyly, scars of the skin and the tongue, 
skeletal defects of the nonamputated parts, pseudarthroses and the 
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frequent symmetric locations of lesions. These cannot be satisfactorily 
referred to amniotic adhesions. On the other hand, the authors 
emphasize the occurrence of ulcers, which may be superficial or deep. 
One case is presented in which at birth an ulcer involved a large part 
of the forearm, healing with a considerable defect. This is considered 
as an unusually late occurrence of the disease which is called intra- 
uterine ulcerative disease (maladie ulcéreuse intrautérine). Amniotic 
bands are assumed to be adhesions developing in the course of the 
disease. Other reports of intrauterine defects of the skin have been 
reviewed in an earlier section of this paper. Seitz" also assumes a 
primary abnormality affecting the fetal tissues to account for the devel- 
opment of amniotic bands. The abnormality may be either intrinsic 


or environmental. Gruber ™ has reviewed much of the older literature - 


concerning amniotic amputations. He accepts amniotic bands as the 
cause of the defect in some cases. In support of the amputation 
theory, Hellner*® put ligatures around fetal extremities in animal 
experiments. The defects resembled those observed in nature, and 
the amputated parts rapidly disappeared by autolysis. Movers *"" 
states that not only defects of the extremities but also severe distortions 
of large parts of the body are not satisfactorily explained by amniotic 
adhesions. Taylor Gorostiaga and Lede ** recently supported Streeter’s 
view with histologic observations made in a pertinent case. In con- 
nection with fetal ulcers and amputations, intrauterine fractures of long 
bones occur.**® One may wonder whether these are not pathologic 
fractures of diseased bones. 

In favor of an intrinsic cause of the defects in question is the 
occasional familial occurrence. A good example is a family in which 


several children had so-called amputations of forearms and legs of 


identical form, bilateral and symmetric. Koehler ** has reviewed several 
conflicting accounts of this family. According to the version which he 
considers most reliable, the mother of 6 defective and 6 normal children 
was the father’s niece or sister. In spite of this obvious familial back- 
ground, one of the authors reporting on this family considers the 
malformations as amniotic band amputations.*"® 

The morphologic aspects and the development of a condition possibly 
related to those just reviewed were described by Greene and Saxton.**° 
Brachydactyly and other defects occur in rabbits as simple recessive 
mutations. In the embryos, dilatation of blood vessels, hemorrhage 
and eventually necrosis and sloughing are observed. Somewhat similar 
is a group of malformations which have been investigated in great 
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detail, namely, hereditary defects of limbs and other parts of the body 
in a strain of mice. Early investigations revealed blisters and hemor- 
rhages in the regions where malformations occur.*** The complete 
sequence of events has been described by Plagens **? and Bonnevie.** 
The authors agree in the essential points, and in the following presen- 
tation the description of Bonnevie will be followed. As has been 
mentioned in the description of ocular malformations occurring in the 
same strain, an excess of cerebrospinal fluid escapes from the brain 
and moves under the epidermis in the form of blisters (“myelencephalic 
blebs”) until it reaches points where it can apparently go no farther. 
This happens frequently in the limb buds, and malformations ranging 
from clubfeet and syndactyly to defects resembling the so-called amni- 
otic amputations result from the mechanical interference of these blis- 
ters which later become hemorrhagic. 

There are various forms of micromelia, or disproportionate dwarfism 
(as against proportionate dwarfism), in which the parts of the skeleton 
of the extremities are present but deformed. These abnormalities have 
been studied most extensively in fowl.'"° Various types of micromelia 
result in fowl from a deficiency of manganese *** or riboflavin *™* or 
from selenium poisoning **° during embryonic life. Typical chondro- 
dystrophy occurs sporadically *** or as a hereditary trait.*** Several 
mutations produce similar but quantitatively different forms of chon- 
drodystrophy in heterozygous embryos and more severe changes, 
namely, early death or phocomelia, in homozygous embryos. Of these 
mutations, the Creeper fowl has been: studied by several groups of 
workers. The results are of particular interest, because it has been 
shown that the chondrodystrophy or the phocomelia of these specimens 
closely resembles the human malformation.*** In man and fowl, 
chondrodystrophy is characterized by short, thick, curved bones of 
the extremities, while the vertebral column usually shows minor 
changes, if any, and the skull is normal or has a shortened base. The 
details of the malformation of the long bones vary considerably, and 


381. Bagg, H, J., and Little, C. C.: Am. J. Anat. 33:119, 1924. Bagg, H. J.: 
ibid. 43:167, 1929. 

382. Plagens, J. M.: J. Morphol. 55:151, 1933. 

383. Byerly, Titus, Ellis and Landauer.1¢¢ Landauer.1** Lyons and Insko.'® 
Caskey and Norris.1®® 

384. (a) Landauer, W., and Dunn, L. C.: Proc. Soc. Exper. Biol. & Med. 
23:562, 1926. (b) Landauer, W.: Arch. f. Entwcklngsmechn. d. Organ. 110:195, 
1927. 

385. (a) Landauer, W., and Dunn, L. C.: J. Genetics 23:397, 1930. (6) Lan- 
dauer, W.: Ztschr. f. mikr.-anat. Forsch. 25:115, 1931; (c) 32:359, 1933. (d) J. 
Genetics 31:237, 1935; (e) Bulletin 233, Storrs Agricultural Experiment Station, 
1939, p. 1. (f) Am. Naturalist 76:308, 1942. (g) Lamoureux, F. W.: J. Hered. 
33:275, 1942. 


in 
ate 
i 


GRUENW ALD—MECHANISMS OF ABNORMAL DEVELOPMENT 531 


yarious subtypes have been described. A good summary of findings 
in human chondrodystrophy and the theories concerning it has been 
given by Gruber."* The morphologic aspects and the development of 
hereditary chondrodystrophy of cattle have been described by Crew *** 
and Mohr.’ Only the embryogenesis of the hereditary chondrodys- 
trophy of fowl has been described.**’ In early stages the cartilaginous 
parts of the skeleton are of normal size and proportions. Later on, 
growth is retarded. The various processes involved in the growth 
of cartilage and its replacement by bone are not properly coordinated. 
Enchondral ossification starts at the usual time but soon lags severely 
behind the normal process in extent. Perichondral ossification at 
times exceeds the normal rate, and this probably causes the large size 
of the fibula in man and fowl, by preventing partial involution of the 
structure. Connective tissue is frequently observed to extend from 
the periosteum into the epiphysis (Perioststreifen) in man and, in 
sporadic cases, in fowl, and occasionally in Creeper chicks. Land- 
auer ***® found that this formation does not cause curvatures of long 
bones by unilateral inhibition of epiphysial growth as had been supposed, 
but is preceded by them. 

Many old theories holding that chondrodystrophy is caused by 
extrinsic agents during embryonic life (Gruber ™*) have been discarded. 
In part of the cases it is caused by genetic factors ; the cause of sporadic 
chondrodystrophy is unknown. Landauer,*** in accordance with pre- 
vious investigators, concluded that there are no abnormalities of endo- 
crine organs of the embryo which could account for the malformation. 
Phocomelia of homozygous Creeper embryos and chondrodystrophy 
of heterozygous birds are degrees of the same basic type of disturb- 
ance.**°¢ However, it is acknowledged that this does not necessarily 
hold for all cases of phocomelia. 

Embryologic experiments with Creeper fowl have shown that in 
limb buds of homozygous or heterozygous Creeper embryos transplanted 
to genetically normal hosts previous to the development of their skele- 
tons, abnormalities develop according to their own genotype and inde- 
pendent of the host.**® This shows that the malformation is not caused 
by other parts of the embryo acting on the primordia of the limbs. 
Several lines of evidence, in addition to the general principles discussed 
in part I, suggest that the Creeper factor acts by reducing develop- 
mental activity during a critical stage. The action of this genetic factor 
and that of selenium poisoning are cumulative, and the latter is probably 
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represented by a retardation of metabolism.*® When genetically normal 
limb buds develop in vitro in a growth-restricting medium they yield 
deformities resembling those of Creeper embryos.** A disturbance of 
the metabolism of older chondrodystrophic chick embryos has been 
reported by Patton,*** who found that the tissues of these embryos 
contain in later stages significantly less aminoacetic acid than do those 
of normal embryos. 

In embryonic manganese deficiency of fowl the long bones show, 
in addition to a reduction of length, histologic abnormalities of the 
cartilage and a matrix containing fragments of degenerated cartilage 
cells in place of periosteal bone. If the involved chickens receive an 
adequate diet, the abnormal tissue is replaced by normal bone.** 

A mutation of fowl causing a short upper beak and short long 
bones is on record.**? In all these forms, including chondrodystrophy, 
the legs are more severely deformed than the wings, and the distal 
bones more than the proximal ones.*®? 

A nutritional deficiency, perhaps of riboflavin, during gestation 
produces various skeletal and other malformations in rat embryos.” 
The abnormal condition is determined in the cartilaginous stage of 
skeletal development, and addition of the missing substance to the 
mother’s diet prevents malformations only if it is made before the 
fourteenth day of gestation.’** 

Micromelia not conforming to any established type and affecting 
the limbs of one individual to different degrees may result from roentgen 
irradiation of embryos,*** though perhaps less frequently than malfor- 
mations of the brain or the eyes. 

Brandt *** found it difficult to produce phocomelia experimentally 
in amphibians, because, after the excision of tissue, either the limb is 
absent or it regenerates and develops normally. Only by long-lasting 
interference such as occurs through implantation of other tissue into 
the limb bud could the desired effect be obtained. Gabriel *** produced 
dwarf limbs in chick embryos by local application of colchicine. 

In some of the so-called amniotic amputations the condition is 
really one of irregular micromelia rather than a terminal defect, as 
traces of digits are present.*” 
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Hereditary deformities of the legs of mice, produced by defects 
of the tibias, have been thoroughly examined by Hovelacque and 
Noel.**? In the embryo the condensations of mesenchyme which 
initiate the formation of skeletal parts are present for the tibias as 
usual. However, instead of differentiating into cartilage, the greater 
part of the tibial condensation forms a fibrous ligament. Later on, the 
fibula is severely curved. However, it was observed that even in 
externally normal mice of the same strain, which had been considered 
as normal overlaps, the tibias might be defective, though the fibulas 
were without deformity. Defects of the tibias have also been found 
in polydactylous guinea pigs carrying the lethal gene Px.*** 

Hereditary polydactyly was the subject of one of the earliest sys- 
tematic investigations of the embryonic development of a malformation. 
In 1908 Kaufmann-Wolf** and Braus**® examined polydactylous 
chick embryos and observed that an enlargement of the foot represented 
a partial reduplication. The toes developing in such excessive tissue 
form part of a mirror image of the normal foot at its tibial border. 
Gabriel,“"* also, believes that polydactyly is an expression of redupli- 
cation of the limb. By treatment with colchicine he reduced the number 
of digits in normal and polydactylous chick embryos. Cole *” investi- 
gated a lethal trait producing severe polydactyly of all extremities, 
ectopia viscerum and malformations of the face in fowl. At one hun- 
dred and ten hours of incubation the limb buds are deformed, and 
homozygous embryos die at six to eight days of incubation. 

Wright ** examined in guinea pigs the inheritance of a type of 
polydactyly which produces in heterozygous embryos five digits instead 
of the usual four on the forefeet and three on the hindfeet. Homozygous 
embryos have excessive polydactyly, with ten and more digits on a 
foot, and multiple other malformations, which cause death usually 
on the twenty-seventh day in utero or, rarely, immediately after birth. 
Scott ***® found in newborn homozygotes, aside from approximately 
twice the normal number of dfgits, clubfoot, absence of the tibia, 
microphthalmia, malformation of the brain and, in part of the cases, 
harelip or absence of nipples. From the study of the embryogeny of 
these malformations *°** it was concluded that the gene Px causes 
in homozygous form excessive growth and -retarded morphogenesis 
about the age of 17% days in utero, affecting rapidly growing parts 
more than others. The resulting abnormal correlation of developmental 
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processes, further augmented by a normal onset of histogenesis in the 
morphogenetically retarded parts, accounts for most of the disturbances. 
The development of polydactyly in this mutation may well be related 
in its mechanism to that found in various other mammals, including 
man.236> 

It remains to mention several abnormalities concerning mainly the 
histogenesis of the skeleton. It was just mentioned that faulty differ- 
entiation in an early phase, namely, formation of connective ,tissue 
instead of cartilage, accounts for hereditary absence of the tibia in mice. 
Griineberg ** points out that a disturbance in a comparable stage, though 
in the opposite sense, produces flexed tails and similar malformations 
of vertebrae in the trunk region in a mutation of mice: The interverte- 
bral disks are partly transformed into cartilage instead of fibrous 
connective tissue. 

The ossification of the cartilaginous parts of the skeleton is subject 
to a variety of abnormalities. These are too complex to be described 
here in detail. One example is chondrodystrophy, which has already 
been discussed. A hereditary failure of bone resorption in mice (the 
gray-lethal mutation) leads to deformities of bones and prevents erup- 
tion of teeth.*°? Transplantation experiments showed that in normal 
hosts gray-lethal bones develop nearly normally; in gray-lethal hosts 
they retain their abnormal features. Bones of normal mice trans- 
planted to gray-lethal hosts sometimes show deformities resembling 
the gray-lethal condition; transplanted to normal hosts, they remain 
normal. This suggests an abnormal action of the tissue fluids of the 
gray-lethal host.*°* Administration of parathyroid extract to gray- 
lethal mice causes much resorption of bone. These mice tolerate 
larger quantities of parathyroid extract than would normal mice. 
However, in spite of the improvement of the condition of their bones, 
the mice are not cured by the treatment. Since they show no other 
evidence of deficiency of the parathyroid glands, it has been concluded 
that either their osteoclasts require an abnormally high concentration 
of the hormone or the hormone is excreted too rapidly, or both.*** 

With regard to chickens, a lethal factor “sticky” has been briefly 
described,*"° which was so named because the amniotic and allantoid 
fluids are viscid. The embryos have edema and soft bones, and do 
not hatch. The bone changes are described as similar to those associ- 
ated with experimental vitamin D deficiency,*° but more study is 
necessary to elucidate the relationship of the two disturbances. 


402. Griineberg, H.: Proc. Roy. Soc., London, s.B 118:321, 1935. 
403. Barnicot, N. A.: Am. J. Anat. 68:497, 1941. 

404. Barnicot, N. A.: J. Anat. 79:83, 1945. 

405. Byerly, T. C., and Jull, M. A.: J. Exper. Zool. 62:489, 1932. 
406. Byerly, T. C.: Poultry Sc. 10:404, 1931. 


Fy 
de 
‘ 


GRUENWALD—MECHANISMS OF ABNORMAL DEVELOPMENT 535 


A great deal of confusion exists in the literature concerning experi- 
mental and human vitamin deficiencies of the embryo and their effects 
on the skeleton. Only a few reports will be mentioned here, and in 
all cases the nomenclature of the respective author will be used. 
Ingier **** published a study of Barlow’s diséase (scurvy) produced 
in guinea pig embryos by feeding-the mother a diet of oats and water. 
In the report, scurvy, rickets, osteomalacia and osteogenesis imperfecta 
are mentioned, and no clearcut identification of the changes is made. 
Reyher, Walkhoff and Walkhoff ***® describe vitamin C deficiency of 
guinea pigs, resulting in scurvy of the mothers and the embryos. The 
changes are compared with those noted in a newborn baby of their 
own observation. Maxwell, Hu and Turnbull ***® observed a mother 
with osteomalacia and her baby with fetal rickets, and in their reports, 
stress the close relationship of the two diseases. Warkany ‘*’ studied 
the effect of a, maternal rachitogenic diet on the skeletons -of rat 
embryos and observed changes similar to, but not identical with, rickets. 
He calls attention to the fact that the “diet” of the fetus is not the 
same as that of the mother. 

Strontium treatment of pregnant rabbits produces in the fetal skele- 
ton “pseudorickets” with increased apposition and decreased resorption 
of bone.**° 

The skeletal manifestations of fetal syphilis are too well known to 
he reviewed; they are described in textbooks of pathology. Postnatal 
developmental disturbances of the skeleton will be briefly referred to 
in part III of this review. 


UROGENITAL TRACT 


The explanation of malformations of the urogenital tract is facili- 
tated by knowledge of several phases of its developmental physiology. 
This holds particularly for the kidney. Long before experimental 
evidence was at hand, Fischel *°* suggested that nephrons differentiate 
in the metanephric blastema only after their differentiation has been 
properly induced by the ureteric bud which, by its own differentiation, 
. forms the collecting tubules, the renal pelvis and the ureter. This was 
assumed because neither of these two components of the kidney was 
ever found alone, or separated from the other (except perhaps small 
rudiments of ureters without a pelvis). Experimental elimination of 
the ureteric bud of the chick embryo has since furnished ample con- 
firmation of Fischel’s hypothesis.“°* These investigations, as well as 
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examinations of serial sections of suitable embryonic human speci- 
mens,*°® have made it clear that in man as well as in the chick aplasia 
of the ureteric bud results in absence of the entire organ, including 
also the derivatives of the metanephric blastema. The latter is present 
as usual but fails to differentiate in the absence of the inductor. 


~ In mice, the gene which produces malformations of extremities, 
jaws and eyes, due to migrating blebs of fluid (see other sections of 
this review), is also responsible for renal malformations.*’® In the 
embryo the ureteric bud may be reduced or absent. If it is present, it 
does not branch and thus fails to induce differentiation of kidney tissue 
in the metanephric blastema.**' In another mutation of the mouse 2" 
it was found that complete absence of the ureteric bud or its failure to 
branch properly is followed by a complete lack of differentiation of 
nephrons even though the blastema is present.7** __ 


Various theories of the development of polycystic kidneys have been 
reviewed by Gruber.*** According to one theory, the condition is 
caused by an abnormality of the union of the two components of the 
kidney, resulting in lack of drainage and subsequent distention of some 
nephrons. Actually it has been demonstrated that the interruption of 
the lumen does not usually occur at the point at which the nephron 
fuses with the collecting tubule. Roos’s *** own specimen, which its 
investigator thought to be proof of the nonunion theory, shows atresia 
at the junction of Bowman’s capsule and proximal convoluted tubule, 
far from the point of union in the embryo. Moolten ** speaks of the 
nephron as migrating to join with the collecting tubule and suggests 
that this process may have failed in eystic kidneys; no such migration“ 
actually occurs. Berner’s *** detailed study of a large number of cystic 
kidneys demonstrated long ago that the interruption of the tubule may 


~occur at any point. This indicates either that there are several mech- 


anisms of origin affecting different parts of the tubules or that one 
mechanism may affect various points, the particular one depending 


“perhaps on the timing of its action. 


Occlusion of the lumen is not generally accepted as the principal 
lesion of polycystic kidneys. Some authors assume that active over- - 


“growth rather than distention accounts for cyst formation.*'? Mool-- 


ten *°°4 advocates the interpretation of cystic liver and kidneys as a 
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type of hamartiosis, or tissue malformation “based on a disturbance ~ 
in organizer action” which manifests itself as cystlike gigantism of 
bile ducts or renal tubules. Actually there is no proof of this. Occlu- 
sion, as well as overgrowth of tubules, may be determined by inter- 
action of adjacent tissues, but this is no more likely than an inherent 
deficiency of the tissue, perhaps determined by direct gene action. An 
old theory having in view obstruction of renal tubules on an inflamma- 
tory basis *** has not been substantiated by histologic examination in 
the great majority of cases and has generally been abandoned. 

\ Kampmeier **® found that some of the earliest formed nephrons, 
located in the innermost portion.of the embryonic renal cortex, degen- 
erate before birth, and believes that their remnants may form cysts. 
This may explain cysts of the inner portions of the cortex, but it cannot 
account for the polycystic kidney in which the peripheral nephrons are 
also, or sometimes predominantly, affected, even with the assumption 
that the cysts of the inner portion of the cortex compress other tubules 
and that this’ leads to the formation of additional cysts.*’* — 

Dystopic kidneys are most commonly pelvic or fused kidneys. To 
understand their development it is necessary to know that the kidneys 
are at first located in the sacral region and that they move upward 
by a complicated process.**’ If this movement fails to occur, a pelvic 
kidney results. On the other hand, a slight medial deviation of the 
renal primordia is sufficient to bring them in contact with each other, 
producing a horseshoe kidney, particularly since the kidneys are 
normally close ‘to each other at one point of their upward route.*'® 
Other displacements of the kidneys are less frequent, and their expla- 
nation is unknown. Among these is the rare one, in which the right 
kidney is displaced upward into the thorax; which occurs in combina- 
tion with diaphragmatic hernia.**® The arteries supplying dystopic 
kidneys arise from the aorta or its major branches at abnormal points 
corresponding to the locations of the kidneys. It was believed that 
the abnormal blood supply might be the cause of the dystopia of the 
kidneys, but investigators now know that this was erroneous, since 
the permanent renal vessels develop only after the kidneys have reached 
their final locations. The abnormal origin of the vessels is a conse- 
quence rather than the cause of dystopic kidneys. 

Just as the permanent kidney depends in its development on the 
ureteric bud as an inductor of the metanephric blastema, the mesoneph- 
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ros depends on the wolffian duct as an inductor of its differentiation.*** 
In addition, the wolffian duct acts as a guide for the growing miillerian 
duct.**° However, the gonads and the adrenal cortex do not depend 
—on any of the nearby organs for proper differentiation.“ The devel- 
opment of the urogenital tract of the chick embryo after experimental 
elimination of a wolffian duct shows a combination of defects, owing 
to the leading role of that duct. The combination is an exact duplica- 
tion of the most common combination of malformations observed in 
man and other mammals of either sex.*** In experimental embryos 
mesonephrons and millerian ducts are absent when there is no wolffian 
duct. In addition, the ureteric bud is missing, since it is normally 
formed from the caudal part of the wolffian duct, and with it the entire 
kidney. In the male the result is absence of one kidney and part or 
all of the epididymis, as well as of the ductus deferens and the seminal 
vesicle on the same side. In the female the same disturbance results 
in absence of a kidney and the corresponding half of the uterus (in 
man: uterus unicornis of the other side) with part or alt of the tube. 
Gonads and adrenal glands are not affected. This is an instructive 
example of the action of various types of correlation which normally 
insure proper development; a minute lesion at one point (the growing 
end of the wolffian duct) is followed by a syndrome of defects. 


INTERSEXUALITY AND HERMAPHRODITISM 


The investigation of sexual intergrades has in the past yielded innu- 
merable suggestions for their explanation and nomenclature. However, 
it was not until modern genetic and endocrinologic animal experiments 
had produced much information that a satisfactory concept could be 
evolved. One of the most extensively used systems of classification 
distinguished among individuals with partly male and partly female 
structural characters true hermaphrodites and pseudohermaphrodites. 
The former have both testicular and ovarian tissue, either as ovotestes 
or as one testis and one ovary. Pseudohermaphrodites have uniform 
gonads, but part of the other sex organs are differentiated according 
to the opposite sex. All pseudohermaphrodites and the hermaphrodites 
with ovotestes are now often referred to as intersexes. Lateral her- 
maphrodites, and particularly those in which all genital organs show 
a striking lateral difference, are most probably due to a somatic muta- 
tion which results in a different génetic constitution of the two sides. 

The existence of two kinds of intersexuality, genetic and hormonal, 
and the chromosomal mechanism of the former were discussed in 
part I. It remains to review briefly the theories of their development. 
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All persons have in their genes male and female determining factors, 
with one kind outweighing the other. It is generally believed that 
genetic intersexes are those in which there is a low degree of prepon- 
derance of one sex, insufficient to assure normal development. There 
are two theories concerning the manner in which structural inter- 
sexuality develops in this instance. Goldschmidt ** concludes from his 
genetic work with arthropods, and assumes for vertebrates, that inter- 
sexes begin their development in a normal fashion in the direction of 
the predominant sex but that they reach a turning point if the pre- 
dominance of one sex is below a certain value. If the predominance 
is but slightly below the limit of normal, the turning point is at a late 
stage; the smaller (and the farther from normal) the predominance, 
the earlier is the turning point. After that point development proceeds 
entirely in the direction of the opposite sex. The result depends on the 
amount of irrevocable differentiation which has occurred prior to the 
turning. What has definitely developed in the direction of one sex 
at this time mixes with the remaining traits which subsequently differ- 
entiate according to the other sex. Goldschmidt presents several not 
quite convincing arguments to show that male intersexes (i.e., those 
beginning with a male phase before the turning point) do not exist 
in man and other mammals. One of the principal arguments is the 
inability of the testis to form an ovarian cortex in the event of trans- 
formation ; this has since been shown to be incorrect.*** Severinghaus 
found in a human intersex chromosomes characteristic of a male 
(X and Y), and Witschi**® concludes from statistical data that the 
intersexes in his material develop at the expense of the males. Moszko- 
wicz,*** who is otherwise an ardent follower of Goldschmidt, assumes 
on morphologic grounds that male intersexes exist. 

Apart from the question of male intersexes, the theory of Gold- 
schmidt has been severely criticized by Bridges,°° who developed the 
theory of genic balance. This is also based on the assumption of an 
abnormal quantitative relation of male and female sex factors, leaving 
the margin of either male or female factors insufficient to determine 
normal development. However, it is assumed that the individual is 
intersexual and develops as such at all times, since the genic consti- 
tution does not change. It is pointed out that Goldschmidt’s results 
in arthropods can also be interpreted according to this concept. 

Goldschmidt’s theory was a potent stimulus for the examination 
and interpretation of the structure of human and mammalian inter- 
sexes, as is evident from the review of Moszkowicz.‘** However, it 
has not been a successful working hypothesis. If it were correct, all 
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forms should fall into one linear succession of degrees according to the 
times of turning from female to male development. According to 
Moszkowicz, two such series of forms should exist, including also those 
resulting from transformation of primarily male individuals. However, 
the observed forms cannot be readily classified in this manner. More- 
over, in many attempts to determine the turning point by examination 
of the final condition, the same mistake has been made which occurred 
in many attempts of older teratologists to determine in a similar manner 
the latest time at which a given malformation could have started (tera- 
togenetische Terminationsperiode). The morphologic differentiation 
of an organ at various stages of its normal development was taken 
as a criterion of its ability to deviate from the normal course and 
produce the malformation in question. Experimental embryology has 
definitely established the fact that in some cases a given step of 
differentiation may be determined before it is visible and that in others 
a fully developed differentiation may change under certain conditions. 
As illustrations from the field of sex differentiation which show that 
it is impossible to determine a turning point with the aid of descriptive 
embryology, the following examples may be given: In rats ovarian 
follicles have been transformed into structures resembling seminiferous 
tubules long after birth by administration of testosterone propionate.*** 
Genetically male chick embryos which had been completely feminized 
by estrogenic treatment in early embryonic stages changed completely 
back to their genetic sex after hatching, their gonads, which were 
ovaries at hatching, becoming testes with spermatogenesis.’** These 
considerations invalidate all attempts to support Goldschmidt’s theory 
by reconstructing the turning point in human cases of intersexuality. 

Hormonal intersexuality occurs occasionally through the action of 
hormone-secreting tumors, and it has been produced repeatedly in the 
laboratory by the administration of androgenic or estrogenic substances 
to embryos. In both types the result depends, as is to be expected, 
on the kind, the concentration and the time of action of the substance 
administered. Another factor of great importance is the genetic back- 
ground. Not only do corresponding embryonic primordia of genetic 
males and females react differently to hormonal stimulation, but various 
traits are fixed and resistant to changes to different degrees in different 
species. 

A condition related to hormonal intersexuality, in which most of 
these factors are of importance, is that of the freemartin ; in this instance 
one of heterozygous twins is obviously influenced by substances trans- 
mitted through anastomoses of the circulatory system from the other 
twin. This has been discussed in part I, where it was mentioned that 
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the nature of the active substance and its relationship to: sex hormones 
is not known. 

When an androgenic or an estrogenic substance is introduced into 
an individual, it acts by inhibiting some traits which would normally 
develop and by stimulating others which would otherwise regress or 
fail to develop. Burns *** has emphasized that sex characters fall into 
two groups, one in which there are two different structures, one of 
which develops in the male and the other in the female (“alternative 
characters”), and another in which the same primordium follows a 
course of progressive development in the male which is different from 
that followed in the female (“‘nonalternative characters”). It is obvious 
that if a primordium of the former group has disappeared in accord- 
ance with sexual differentiation (e.g., the wolffian duct in the female), 
it cannot be brought back into existence by hormonal reversal of sex. 
In regard to other primordia of organs which develop in both sexes but 
in different ways, it is extremely difficult to predict the extent to which 
transformation is possible at a given stage: Morphology alone cannot 
answer this question, as was discussed in a foregoing paragraph. 

Witschi **° assumes, on the basis of experiments with amphibians, 
that the transformation of sex organs by action of hormones occurs 
by inhibition of structures of the sex opposite to that .to which the 
newly introduced hormone pertains and subsequent compensatory 
growth of those of the other sex. The latter is not caused by direct 
stimulation by the substance administered. In agreement with this 
is the experience that if the left ovary of the chicken is removed, the 
right gonad (which never has an ovarian cortex) hypertrophies and 
develops into a testis, with concomitant masculinization.*7* Witschi 
extends his view to all vertebrates. It remains to be seen whether all 
findings in mammals are in accord with this. 

Embryologic experiments have not confirmed the expected division 
of sex hormones into strictly male and female ones. Stimulation of 
structures of the opposite sex has repeatedly been found. However, 
Burns '** holds that this occurs only when excessive doses are used. 
The extent of stimulation of the same organ (e. g., the prostate) differs 
in genetic males and females, apparently under the influence of the 
genetic constitution."*® The morphologic results of the administration 
of androgenic and estrogenic substances to embryos have repeatedly 
been reviewed.*** They are too complex to be described here. 
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Information on the interaction of genetic and hormonal factors has 
changed modern views on sex development. It was assumed until a 
few years ago that the geneti¢ mechanism determines the sex of the 
gonad and with it the type of hormone to be secreted. The other, 
so-called ‘secondary sex characters were believed to be determined by 
those hormones, and not by the genes directly. This concept evolved 
from the examination of. relatively late, namely, postnatal, changes in 
which the influence of the genetic structure is overshadowed by con- 
spicuous hormone actions. Experiments with embryos, as well as 
continued work with older stages, have demonstrated the fundamental 
importance of the genotype in the development, the maintenance and 
the reaction of sexually differentiated traits, including also the so-called 
secondary characters. This has been summarized by Moore,'** who 
comes to the conclusion that in the embryo there is a long period of 
active sexual differentiation during which the gonads do not produce 
hormones and are not able to do so even when stimulated by the 
administration of gonadotropic substances. During this period the 
principal features of the sex organs differentiate apparently by direct 
gene action. However, during this same period the organs are susceptible 
to the action of artificially introduced estrogen or androgen. Even later 
on the action of hormones of the opposite sex is counteracted to some 
extent by the genotype. This is illustrated by the development of 
genetically male chick embryos which are feminized by estrogen injected 
into the egg to the extent that they have normal ovaries and female 
genitalia. In spite of this morphologically complete transformation, they 
revert to their genetic. sex after hatching if treatment is discontinued, 
and are found later on to have functional testes.*** 

Danforth *** has shown in an instructive table the varying extent 
to which genes and hormonal influences affect the plumage of several 
species and breeds of birds. 

With these factors of genetic and hormonal determination of sex 
development in mind, one may attempt to interpret intersexuality as it 
is found in man and to formulate a basis for its management. It is clear 
from what has been said that a genetic intersex has no normal male or 
female sex. What some authors call the genetic sex of the individual, 
namely, the sex indicated by the number of sex chromosomes (either 
XX or XY), is of little value in these considerations, as it does not 
indicate the actual relation of male and female factors in the set of 
chromosomes. Imbalance of sex factors may go so far as to produce 
an individual of normal sex development and instincts opposite to the 
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sex indicated by the mere number of sex chromosomes. This is an 
extreme which may not occur in man, but all intergrades between it and 
the normal may be expected. 

The apparent combination of male and female bodily traits in the 
intersex had led many to assume an antagonism between male and 
female tendencies. In reality the only antagonism is-that of the male 
and female genic sex factors, and this exists in normal individuals as 
well. In physical development a genetic intersex is as true to its own 
genotype as is any normal individual. It is futile and misleading to seek 
the “real” male or female sex in intersexes. Since one knows that the 
genic control which guides embryonic sex development also exists later 
on and that hormone action is but superimposed on it, it is unreasonable 
to attempt to produce a normal sex by giving hormones or by removing 
them (gonadectomy ).. Each intersex produces its appropriate hormones, 
no matter whether its gonads are testes or ovaries. To remove testes 
because they seem to be in opposition to a predominantly female external 
development means to castrate the person, and shows a fundamental lack 
of understanding.*** It is also clear that attempts to determine the sex 
(in terms of male or female) of an intersexual child is futile, since no 
correlation has as yet been found which would permit one to determine 
the future psychic sex from somatic traits. For the same reason'biopsy 
of the gonads is of no avail. It is therefore dangerous to do a plastic 
surgical operation on the genitalia of the infant with genetic inter- 
sexuality, since one cannot know at that time what the psychic sex 
will be.*?® It is necessary to declare an intersex as a male or a female, 
but this is arbitrary and has to be changed at puberty in many cases. 
The relationship between intersexuality and homosexuality is not clear. 

Hormonal intersexuality offers to the physician an entirely different 
problem. When it develops in the embryo, it is usually due to hyper- 
plasia or adenoma of the adrenal cortex,’** which apparently produces 
an unidentified hormone. In the majority of cases females are affected, 
as is also true of postnatal “interrenalism.” Elimination of the source 
of abnormal hormonal activity will allow the normal genetic sex to 
assert itself, and the structural changes will follow as far as is physically 
possible. 

In the medical literature the principles outlined in the foregoing 
paragraphs have been increasingly appreciated during recent years. 
Novak **° emphasizes the important role of genes in the early phases 
‘of development of the genital organs. Moszkowicz,*** Schiller ** and 
Greenhill and Schmitz *** discuss the nature of the sex determination of 
genetic intersexes and warn against corrective procedures until the 
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psychic sex manifests itself. Schiller stresses the grave consequences oj 
gonadectomy, even in cases in which the sex of the gonads is seemingly 
opposite to that of the individual intersex. McCahey’s **' position is 
not so well founded on biologic principles. He divides intersexes into 
genetic males and females. This leads him to the statement that “erec- 
tions of the phallus in genetic females are pathological” and that these 
must be prevented by excision of all testicular structures. It should be 
clear that erections of the phallus are normal in any individual, and if 
an intersex with female feelings resents them, it is because of the 
excessive size of the organ. That might be dealt with surgically after 
puberty, when there can be no doubt of the psychic sex, but under no 
circumstances by gonadectomy.: McCahey uses as a criterion of genetic 
femaleness the presence of derivatives of the miillerian ducts, a criterion 
which is entirely unfounded. 


The only genetic sex abnormality in which there can conceivably be 
antagonism between male and female parts is true lateral hermaphro- 
ditism. According to the only satisfactory explanation, this is a genetic 
mosaic, apparently due to a somatic mutation (see part I) which leaves 
the two halves of the body with different genotypes. The assumption 
that the entire body and not just the genital tract is affected is borne 
out by a corresponding lateral difference of the plumage of birds with a 
similar constitution.** The fact that the halves of the body develop 
independent of each other points to the leading role of the genotype of 
the tissues, since the hormonal environment is the same. Gynandro- 
morphism has been reviewed by Moszkowicz,*** Witschi '*° and others. 
A recent report of a human case is that of Lattimer, Engle and Yeaw.*** 


CARDIOVASCULAR SYSTEM AND BLOOD 


In spite of the large number and the intriguing features of cardiac 
malformations, no direct information concerning their developmental 
mechanisms is available. Several theories of the abnormalities of septa- 
tion and of the relations of the large vessels to each other and the heart 
are on record.*** The subject is too complex to be reviewed in brief, 
and the original articles should be consulted by those interested in this 
field. As a cause of cardiac malformations, maternal rubella occurring 
in the early months of pregnancy has been recognized,*"* but here, too, 
the mechanism is unknown. Fetal endocarditis as a possible cause has 
been suggested by some and rejected by others.*** Farber and Hub- 


431. McCahey, J. F.: Surg., Gynec. & Obst. 67:646, 1938. 
432. Lattimer, J. K.; Engle, E. T., and Yeaw, R. C.: J. Urol. 50:481, 1945. 
433. Spitzer, A.: Virchows Arch. f. path. Anat. 243:81, 1923; 271:226, 1929. 
Pernkopf, E., and Wirtinger, W.: Ztschr. f. Anat. u. Entwckingsgesch. 100:563, 
1933. Lev, M., and Saphir, O.: J. Tech. Methods 17:126, 1937. 
434. Gross.*!2 Weintraub and Himmelfarb.*"* Footnote 214. 


‘ 
5 
i 
¢ 
- 
| 
ap 
‘ 
‘ 
43 


GRUENWALD—MECHANISMS OF ABNORMAL DEVELOPMENT 545 


bard **” point out that malformations of the heart may be divided into 
two groups, of which one, comprising severe disturbances of the structure, 

is caused by primarily abnormal development, whereas the other, con- 
sisting of stenoses or atresias of ostiums in otherwise normal hearts, 
may be due to endomyocarditis of the embryo. In some cases of the 
latter group, microscopic study reveals indications of a previous inflam- 
mation, such as myocardial fibrosis or areas of calcification. Cardiac 7 
malformations occur in more than 20 per cent of all cases of mon- 
golism.'**” Their relationship to the suggested causes of this deficiency 

is unknown. 

Remarkable success has recently been reported with the surgical 
treatment of certain malformations of the heart and large vessels.** 
This emphasizes the need for understanding and exact diagnosis of these 
conditions. Several workers have given directions for making the 
diagnosis.*** 

Abnormalities of the blood vessels are also relatively frequent and 
poorly understood. The inferior vena cava and other retroperitoneal 
veins are subject to much variation, as is to be expected in view of the 
complex pattern of the embryonic veins from which they arise.**’ 
Hereditary anomalies of these veins are on record.*** The relationship 
of vascular abnormalities to malformations of the organs supplied has 
led to much speculation, particularly in the case of dystopic kidneys and 
the anomalous origin of their vessels. The old theory that abnormal ~ 


renal vessels cause dystopia of the kidney is now generally abandoned.*** 
It is known that the permanent renal vessels develop only after the 
kidneys have reached their final location and in accordance with that 
location. 


In early chick embryos abnormalities of the extraembryonic vessels 
may be essential parts of complex syndromes of disturbances. Cairns *° 
has described in detail the inadequate development of the yolk sac 
vessels in homozygous Creeper embryos and the deleterious effect on 
the embryo. Another abnormality, the so-called lethal ring, occurs in 
the wall of the yolk sac in riboflavin deficiency.’** Excessive dilatation 
of intraembryonic vessels is found as a sequel of anoxia in the chick.*°* 
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Abnormalities of the blood and the blood-forming tissues may be 
primary, on a genetic basis, or secondary to other defects. Well studied 
examples of the former kind are described by Griineberg.** The latter 
type consists of anemia, more or less compensated by persistent extra- 
medullary blood formation. It occurs if there is insufficient space for 
marrow in the skeleton, as in chondrodystrophy,**° or if fetal blood is 
destroyed by specific antibodies of the mother in so-called erythroblastosis 
fetalis, which will be described in more detail in a later section. 


CLEFTS OF THE FACE 


In older accounts the development of clefts of the face is usually 
attributed to the persistence of an early embryonic condition in which 
parts of the future face (medial and lateral nasal processes and maxillary 
processes) are separated from one another by fissures. Several investi- 
gators have recognized the fallacy of this explanation; particularly, 
Fleischmann *** has emphasized that the so-called clefts occurring in the 
face of the normal early embryo are mostly grooves with a solid bottom, 
which disappear later on, not by fusion of adjacent parts but by filling 
in of mesenchyme under the intact epidermis. In the case of the groove 
between the medial nasal and the maxillary process the so-called cleft is 
filled from the beginning with epithelium of the thickened lower portion 
of the nasal plate, which is then partly replaced by mesenchyme.**? 

Politzer *** shows in a critical survey that various types of abnormal 
cleft of the face develop in entirely different manners. Harelip, with or 
without corresponding clefts of deep structures, develops at the site of 
the aforementioned epithelial mass separating the medial nasaf from the 
maxillary process, when mesenchyme fails to penetrate it. Early human 
stages of this malformation are known.*** An oblique cleft running from 
a lateral part of the mouth to the eye was formerly explained as a 
persistent separation of the lateral nasal from the maxillary process. 
Politzer *** points out that this type of cleft represents an irregular 
laceration of the face by mechanical force (e. g., that of an amniotic 
band) connecting two weak points, namely, mouth and eye. This is 
supported by the relation of such clefts to various structures, particularly 
the nasolacrimal duct, a relation which could not occur in a persistent 
embryonic condition. A third group, the median defects of the upper 
jaw, is considered by Politzer to: consist of low grade cyclopic defects. 

In rats cleft palate has been produced by a nutritional deficiency of 
the pregnant mother, which also causes a variety of other skeletal 
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malformations.**® Hereditary cleft palate of laboratory animals has been 
studied in several instances.**® One instance is that in which modifying 
genetic factors influence the expression of the defect and may completely 
inhibit its appearance.*™ Reed *” assumes that the inheritance observed 
in his strain of mice may well be similar to that in man. The genetics of 
human harelip and cleft palate has been discussed by Mather and 
Philip.*** 


TISSUE MALFORMATIONS 


In this section abnormal differentiations or locations of tissues 
will be discussed as far as they are not part of gross anatomic malfor- 
mations, and exclusive of the problem of tumor growth, which will be 
referred to in part III of this review. Abnormal histologic differ- 
entiation is often discussed in connection with tumor growth, partly 
because abnormal growth seems to produce changes in differentiation 
and partly because abnormal tissues often remain unrecognized unless 
they give rise to tumors. The older literature contains several large 
reviews of tissue malformations.*** 

There is no essential difference between the embryo and the adult 
in the developmental mechanisms of tissue malformations, and in 
many cases in which these have been found in adults, the time of 
development is unknown. For these reasons embryonic and postnatal 
conditions will now be treated, and no attempt will be made to find 
essential differences between the two kinds. 

The histologic identification of abnormal tissues must be discussed 
here. It is often difficult and in many cases is carried out inadequately. 
Identifications which should be not more than suggestions are often 
taken for well established ones. In most cases one can demonstrate 
little or no evidence of a specific cellular function which might aid in 
the identification, and often a tissue is classified only by its appearance 
in histologic sections stained routinely with hematoxylin and eosin or 
by a similar method. Size and texture of nucleus and cytoplasm as 
seen in these sections are compared with those seen in normal cells. 
It should ‘be clear to every one that these are but superficial and 
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unreliable criteria. To give an example, tissues have been identified 
in many different instances as adrenal cortex on little more basis 
than the presence of vacuolated cytoplasm. This is justified if one finds 
in addition the characteristic structure of a glomerular and a fascicular 
zone aS one sometimes does in the epididymis, or if the tissue in 
question is located where one would expect adrenal cortex to develop, 
as in close proximity of the main organ. On the other hand, a striking 
instance in which the diagnosis of adrenal cortex appears unwarranted 
to me is that of a node of large, foamy cells found in the orbit.“ In 
the report of that case, neither the structure of adrenal cortex was 
described, nor were any special methods used which, by the demon- 
stration of certain chemical compounds, would suggest (though not 
establish) the diagnosis. It is so improbable on embryologic grounds 
that adrenal cortex would be present in this particular location that 
the vacuolated appearance of the cytoplasm is insufficient for the sug- 
gested diagnosis. Similar difficulties are encountered in many other 
instances, particularly often in cases in which structures of the urogeni- 
tal tract are involved, e.g., tumors of the gonads and the kidneys. This 
is probably due to the unusually wide variety of developmental poten- 
cies which the tissues of the urogenital tract possess.**° Another field 
in which the identification of cells has aroused much argument is that 
of hemopoietic and lymphoid tissues; here, too, the cells have a great 
variety of potencies, at least in the early phases of their differentiation. 

The range of developmental potencies plays an important role in 
many tissue malformations. In many instances there is no experimental 
proof of the multiplicity of potencies in later stages of development. 
However, descriptive histology and embryology have brought forward 
many instances in which several cell types develop from a common 
ancestor in late embryonic or postnatal stages. Since the possession 
of multiple potencies is not a peculiarity of embryonic cells, one is not 
justified in designating cells of the mature organism as embryonic 
because they appear to have latent potencies.*** The visible differen- 
tiation of a cell type cannot serve as an indication of its range of latent 
potencies, and there is no reason to postulate “undifferentiated” cells 
when evidence of latent potencies is discovered, or to deny the possibility 
of activation of latent potencies because the tissue in question shows 
some differentiation. If one gives due consideration to the possibility 
of activation of normal latent potencies, the assumption of persistence 
of embryonic germs becomes superfluous for the explanation of most 
dystopic tissues.*** There is little direct evidence of the existence of 
such germs. 
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Gruenwald **? recognizes two principal types of development of 
dystopic tissues and describes examples in human embryos. One is 
true aberration of tissue germs; that is, they depart from the normal 
point of origin into abnormal locations. Examples are aberrant bile 
ducts and accessory adrenal medulla. The other type arises by abnor- 
mal differentiation of cells in loco; these cells do not migrate and are 
not displaced from the region where the tissue which they form is 
normally found. Examples are ectopic renal tubules, accessory adrenal 
cortex or bone developing in abnormal locations. These formations 
develop by activation of. potencies which the cells in loco normally 
have. Induction may have a part in this activation; thus, ectopic renal 
tubules may under certain conditions be induced by nerve tissue *** and 
bone by mucosa of urinary passages.*** - 

To these mechanisms which produce tissues where they would not 
normally occur at any time, one might add inhibition of development. 
occurring either as a failure to differentiate fully or as a persistence 
of tissues which normally disappear. Finally, there may be devious 
differentiation not corresponding to any normal tissue at any stage. 
The occurrence of pure failure of differentiation (the undifferentiated 
tissue being present-) is doubtful unless one wishes to regard as such 
the absence of a kidney in a case in which the nephrogenic tissue is 
present in its mesenchymal state but fails to differentiate into nephrons. 
However, incomplete differentiation occurs as part of a complex dis- 
turbance, such as inhibited myelination of nerve fibers in mongoloid 
deficiency.***” Failure of a tissue to disappear is responsible, for 
example, for ectopic thyroid tissue and epithelial ducts at the site of 
the embryonic thyroglossal duct or for persistence of mesenchyme in 
the vitreous body of the eye.*** Devious differentiation offers great 
difficulties to interpretation, as the customary comparison with normal 
tissue fails. It occurs to some extent in many tumors, particularly if 
the mother tissue has an intricate structural pattern which the tumor 
cannot duplicate. A good example of devious differentiation is that 
of the grotesque cells found in the brain in tuberous sclerosis. 


Of great theoretic interest are the multiple hamartioses *"* affecting, 
for instance, in the case of the tuberous sclerosis complex the brain, 
the eyes, the heart, the kidneys and the skin. Nothing is known of 
their cause except that they may be familial. To explain them all 
simply by defective organizer action, as Moolten *** does, is not justi- 
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fied until many other possibilities are excluded and the organizers 
involved are better known. 


The problem of dystopic adrenal cortex and related tumors has 
been studied extensively. They will be discussed here as examples 
of tissue malformation. Many writers have believed that accessory 
corticoadrenal nodules developed by aberration of some of the buds 
which grow into the retroperitoneal tissue from the mesothelium in 
the early phases of adrenal development. More recently Uotila *** and 
Gruenwald ** failed to find the ingrowth of distinct cell cords during 
normal development. The adrenal cortex is nonepithelial for a consid- 
erable period after its origin; it develops from mesenchymal cells of 
the celomic wall by differentiation in loco.*** A similar mode of origin 
is postulated for accessory cortical tissue in any location. All definitely 
identified accessory nodules appear where the mesenchyma may reason- 
ably be assumed to possess the necessary developmental potency, namely, 
in the retroperitoneal tissues and their derivatives. Investigators do 
not know what determines the activation of this potency in some cells 
and not in others of these tissues. Only in an isolated instance has a 
condition been observed in which cortical cells regularly developed 
outside the adrenal gland: After complete adrenalectomy adrenal cor- 
tex tissue differentiates in the ovaries of ground squirrels and mice 
and maintains life indefinitely.“’ This differentiation is apparently 
mediated by the hypophysis, as it does not occur in hypophysectomized 
animals.**** 

It is not easy to determine the extent to which accessory cortical 
nodules should be considered as normal. They have been described 
as regular components of the epididymis and the epoophoron of the 
rabbit.*** In the hedgehog and the cat the testis and the ovary com- 
monly contain them.**® In man, accessory nodules can be found in 
and near the adrenal capsule on careful search in almost every adrenal 
gland examined, particularly in those of young persons. They are 
encountered in the epididymis much more commonly than the occasional 
case reports “°° would make one believe. A genetic influence on the 
amount of accessory adrenal cortex that develops was found in rats 
when it became apparent that certain strains are unsuitable for experi- 
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mental adrenalectomy because of the frequent occurrence of accessory 
tissue.*** 

The origin of the so-called hypernephroma (in the widest sense) 
has been controversial because this renal tumor presents structural 
traits resembling those of adrenal cortex. The followers of the theory 
of adrenal origin of the hypernephroma have referred to the frequency 
with which adrenal nodules occur in the kidney, sometimes combined 
with hypernephroma.**? Cases in which adrenal gland and kidney are 
enclosed in a common capsule have also been cited in this connection.*®* 
Furthermore, in the tumors in question the distribution of vitamin A 
resembles that in the adrenal cortex.*** Actually, the adrenal tissue 
occurring in the kidney is of significance not so much to account for 
the point of origin of the tumor as to indicate that the tissue in which 
these cell groups have developed has adrenal cortical potencies. The 
presence of these potencies would make it possible for renal tissue to 
form an adrenal tumor or a growth of hybrid differentiation combining 
traits of kidney and adrenal tissue.**® The fact that tubules are present 
in some of these tumors does not exclude a relationship to adrenal 
cortex, since lumens occur in corticoadrenal cell cords in mammals,*®* 
as well as in human embryos and infants.** 


Dystopic endometrium can probably develop in several manners. 
When it occurs in the myometrium as adenomyosis, it has obviously 
appeared there by growing in from its normal location. On the other 
hand, endometriosis outside the uterus must be explained either by 
implantation of endometrial germs or by activation of latent potencies. 
It has been demonstrated that all known locations of endometriosis 
are such that the presence of the necessary potency is a reasonable 
assumption.*** 


The cutaneous nevus has received much attention during recent 
years, and most observers now agree that it contains nervous elements 
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and distorted tactile corpuscles.**® This conclusion has distracted atten- 
tion from the old argument as to whether the nevus tissue originates from 
the epidermis or the connective tissue. Recent workers have not dis- 
cussed the problem of the origin of the nevus cell. It seems to me that 
the relation to nerve tissue, the pigmentation and the presence in the 
skin and (as melanoma) in the meninges are satisfactorily accounted 
for by assuming an origin from neural crest cells. Thee? cells are 
known to migrate ‘in the vicinity of the central nervous system and also 
along the skin of the embryo. They form either nerve cells and their 
supporting cells (connective tissues)*"® or the pigment cells of the 
skin.*"* Foot 7? does not mention this obvious possibility in a chart 
of the normal tissues and tumors derived from the neural crest. 

A special problem apart from others in this field is that of teratomas. 
It is obvious that teratomas containing a variety of tissues must origi- 
nate from pluripotent, if not omnipotent, cells, which thus resemble 
either germ cells or blastomeres or the cells in a few areas of the 
embryo where germ layers are not distinct and one cell group gives 
rise to a great variety of tissues (e.g., the prechordal region or the 
primitive streak). All of these possibilities have been suggested as 
the germs of teratoma. The problem has been reviewed by Schwalbe.*°* 
More recently Holmdahl *** has accepted all of the aforementioned 
possible sources but favors the origin from areas where no distinct 
germ layers differentiate. Schlumberger *** assumes that teratomas 
of the gonads originate from primordial germ cells and that teratomas 
arising in other places are due to “dislocation of tissues during embryo- 
genesis,” particularly in his cases of teratoma of the anterior medi- 
astinum. In support of the theory of origin from germ cells, reference 
has been made to the parthenogenesis-like development of egg cells 
observed .in the ovaries of various mammals.‘** Michalowsky and 
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others “® have produced teratomas in the testes of fowl by injecting 
zinc salts. It has recently been suggested that many of the common 
types of testicular tumors of man are teratomas or resemble teratomas 
in that they are “neoplastic expressions of the unlimited potencies of 
embryonic cells.” ** Many of these tumors contain trophoblastic 
tissue. 

Budde *** compares the origin of teratomas with that ef double 
monsters. If the malformation originates early in the development of 
an embryo, it results in a double monster, and if a comparable distur- 
bance occurs later, it produces a teratoma. This matches well with the 
observation of Edmonds and Hawkins **® that twins and teratomas 
occur in the same families. The problem of the homology of teratoma 
with an embryo (i.e., a parasitic twin) has been discussed by many 
writers. Nicholson,**® Willis **° and Needham‘ deny any homology 
_ of the two. One of their principal arguments is based on the lack of 

organization of the whole structure as indicated by the absence of 
segmentation. However, Schauffler **' reports a teratoma with a seg- 
mented vertebral column. Other cases of a fetiform inclusion with 
extremities and other fairly well organized parts of a body have 
recently been reviewed, and a new case added by Plaut.**? He con- 
siders the (so far not observed) development of the highly organized 
malformation, with skull, vertebrae, extremities and other parts, as a 
distorted replica of the development of an embryo. It is true, as 
Needham * states, that many times “innominate” structures in teratomas 
have unjustifiedly been compared to complex organs; yet there are 
well authenticated instances of high differentiation (e.g., of liver and 
kidney **® or cerebellum *** in addition to the aforementioned fetiform 
inclusions. 

In recent years interest has shifted from the mother tissue of tera- 
toma to the mechanism of development. In this connection organizer 
phenomena have been widely mentioned as responsible for the structure 

of the teratoma. Krafka *** assumes in his organizer theory the pro- 
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duction of secondary embryonic axes by “interference with the normal 
effect of the organizer,” in analogy with the secondary body axes 
induced in amphibians by implantation of additional organizers. In 
essence, this theory comes close to that of Budde *”* (see the foregoing 
paragraph) and to the theory of blastolysis of Werber **” (see part I). 
The presence of organizer action within organ primordia in teratomas, 
e.g., kidneys, is obvious. 

Needham * distinguishes two phases of organizer action: evocation 
and individuation. vocation stimulates differentiation but does not 
determine its exact pattern, whereas individuation includes the deter- 
mination of complex and harmonious developmental patterns. In the 
ectoderm of experimental embryos the induction of nervous tissue 
produces under certain conditions irregular tubes or cell masses by 
evocation, and under other conditions a neural tube with brain vesicles 
at one end, which is individuation. If a piece of tissue which would 
have the latter effect when transplanted in the living state is boiled 
before implantation, it will still act as evocator but will no longer 
produce individuation. Needham therefore compares teratomas with 
their irregular arrangement of highly differentiated tissues to the effects 
of dead organizers (without implying that there was actually induction 
on the part of dead tissue). Since, however, some teratomas show a 
considerable measure of individuation (see a foregoing paragraph), it 
might be better to assume that there is loss of individuation in the 
development of teratomas to a varying, though usually high, degree. 
Needham further points out that evocators occur commonly in the 
organism, and it may therefore be more important to give consideration 
to the presence of cells which will react to these evocators by producing 
the variety of structures found in teratomas. This leads back to the 
older embryologic speculations about tissues which may be expected 
to have a sufficient range of developmental potencies (blastomeres, germ 
cells and others). 


EXAMPLES OF SYNDROMES OF MALFORMATIONS 


A few well studied syndromes will be described, which affect sev- 
eral parts of the body. Each of these has been referred to in the 
foregoing pages, and it remains to summarize and correlate the various 
abnormalities. 


The Creeper Fowl—The Creeper gene (Cp) is dominant over 
its normal allelomorph, or allele (cp), and produces in the heterozygous 
condition chondrodystrophy. The gene is lethal, and most CpCp 
embryos die on the fourth to sixth day of incubation. A few survive 
but fail to hatch; these have phocomelia and ocular malformations. 
In early stages Cpcp embryos show no abnormalities and cannot be 
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distinguished from normal (cpcp) ones. Among the CpCp embryos 
there is considerable variation of structure, and only recently satis- 
factory criteria have been established.*** All of these embryos have 
a defective yolk sac circulation. If this is severe and the vitelline 
vessels do not develop as continuous channeis at all, the embryos show 
severe general retardation, intraembryonic anastomoses between large 
arteries and veins, and asymmetry of the eyes and the otocysts.** This 
asymmetry exceeds the extent found in normal embryos and is 
explained by the fact that the oxygenation afforded the organs by the 
blood stream is deficient; the part near the egg shell (in normally 
rotated embryos, the right side of the head) gets a better supply of 
oxygen by diffusion than do the parts on the opposite side.** In those 
CpCp embryos in which a better vitelline circulation develops, the 
effects on the embryo are at first minimal or absent (these embryos 
have not been examined in serial sections). The vascular network 
of the yolk sac is abnormal in these as well; there is no terminal vein, 
and part of the vessels contain stagnant blood. Eventually all circula- 
tion in the vitelline vessels stops, while the heart keeps pulsating, and 
the embryo dies shortly thereafter.*** Just what the early characteristics 
of those CpCp embryos are which live longer and become phocomelic 
is not known. Landauer ™ recently reported that a higher proportion 
of CpCp embryos survive to late periods of incubation if the tempera- 
ture during the first day of incubation is kept lower than usual, at 96 F. 


The developmental potencies of CpCp and Cpcp limb buds have 
been studied by explantation.**" In the limb bud stage the phocomelic 
and chondrodystrophic abnormality appears to be determined, since 
transplanted limbs develop as they would in the embryo from which 
they came (apart from changes which the altered conditions would 
produce in any limb). When the effect of the disturbed circulation 
in CpCp embryos was recognized, regions containing the limb material 
were transplanted from embryos prior to the development of blood 
vessels. These also developed into phocomelic or chondrodystrophic 
structures, depending on the genotype. Apparently abnormal circula- 
tion has no part in the determination of phocomelia.***”” 

Experimental transplantation of the eyes of CpCp embryos has 
been reviewed in a foregoing section. The experiments show that the 
coloboma of the phocomelic embryo is also independent of the abnormal 
circulation. In contrast to the skeletal changes, however, it is not 
inherent in the primordium of the eye at the time of transplantation. 
It seems that an influence of some adjacent part determines this 
malformation.*** In a review of the manifestations of the homozygous 
Creeper condition which incorporates part of the work just quoted, 


485. Cairns, J. M., and Gayer, K.: J. Exper. Zool. 92:229, 1943. 


556 


ARCHIVES OF PATHOLOGY 


Hamburger * finds four abnormal mechanisms which are not correlated 
by any developmental links known to investigators. (1) In the majority 
of CpCp embryos a deficiency of the vitelline circulation leads to various 
severe malformations and early death; a mild degree of this may exist in 
those embryos which survive to become phocomelic, and may exert a 
hitherto unknown influence. (2) A disturbance of chondrogenesis com- 
bined with (3) a reduction of growth of the limbs produces phocomedlia. 
There is an insufficient amount of bone marrow in this condition, and 
this leads to anemia and enlargement of the heart and the spleen. 
(4) An abnormality of the head mesenchyme apparently induces ocular 
malformation in phocomelic emybryos. (The asymmetric malformations 
of the eyes of early prothanic CpCp embryos are due to the first- 
mentioned mechanism. ) 

As to the chondrodystrophy of Cpep chicks, it will be remembered 
that Landauer **** holds that it differs from phocomelia only in degree. 
Ocular malformations do not occur in these chicks. 


“Myelencephalic Blebs” in Mice—Much of the interest in this 
hereditary trait has been directed toward the production of the mutation, 
which is supposed to have been caused by roentgen irradiation of 
an animal from which this stock was derived. Some investigators 
believe now that there was no causal relationship between the irradia- 
tion and the origin of the mutation (see part I). The genetics of this 
trait has been extensively studied.’® 

The malformations are partial defects of the jaws, the eyes, the 
extremities and possibly the kidneys.*** There is considerable varia- 
bility of expression, and only part of the defects are present in a single 
animal. Bonnevie *** found that the initial abnormality consists in the 
discharging of an excessive amount of cerebrospinal fluid from the 
fourth ventricle through the normal foramen anterius into the over- 
lying tissue. This fluid forms blebs between the epidermis and the 
cutis. Owing apparently to peculiarities of the shape of the body, these 
blebs move in the same layer until they are either resorbed or reach 
points from which they cannot escape, such as the tips of the jaws or 
the extremities or the eyes. The temporary presence of blebs causes 
no permanent changes. However, when they come to rest, hemorrhage 
occurs into their cavities, and eventually they produce a local disturbance 
of development in the regions mentigned. 

When this trait was crossed out to different stocks of mice, the 


‘effects varied somewhat, so that the existence of genic modifiers had 


to be assumed. Bonnevie *** suggests that these modifiers act by 
changing the curvatures of the embryonic body which, in turn, influ- 
ences the direction in which the blebs move. 

Brown *"' described in detail the development of the renal malfor- 
mations of the same strain of mice. They consist in failure of the 
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ureteric bud to grow out to its full length or to branch properly and 
in associated failure of the metanephric blastema to differentiate into 
nephrons. These events are obviously not determined by the presence 
of blebs of cerebrospinal fluid. Bonnevie *** failed to find any malfor- 
mations of the kidneys in her mice and concluded that these abnormal- 
ities are probably not effects of the same gene which is responsible for 
the blebs. Another possible explanation for this discrepancy is the 
action of modifiers. 

Bonnevie’s account of the origin of the malformations of this strain 
has furnished what is perhaps the best known example of a mechanical 
correlation of multiple defects of various parts of the body. Unfortu- 
nately, this has stimulated unwarranted speculation and has led several 
writers to extend a theory of myelencephalic blebs to totally unrelated 
conditions. Ullrich *** quotes as evidence of the validity of this theory 
in human teratology a description of a 4 month fetus with cystic 
dilatation of lymph spaces in the neck.*** Both the stage of development 
and the nature and the location of the cysts in that case are entirely 
incompatible with myelencephalic blebs. Engel *** explains by this 
bleb theory a dozen unrelated syndromes of malformations, among them 
mongoloid deficiency and gargoylism (lipochondrodystrophy). For- 
tunately, these theories have not received undue consideration by 
other authors. ' 


Effects of Heterospecific Pregnancy.—Certain differences of blood 
groups between mother and fetus cause various, often fatal disturbances 
in the latter if antibodies against the group-specific substance of the 
fetus develop in the mother.*? The best studied effect is the so-called 
erythroblastosis fetalis, caused by destruction of fetal erythrocytes by 
maternal antibodies. In about 90 per cent of the cases this is found in 
Rh-positive babies of Rh-negative mothers (i.e., the baby’s erythrocytes 
are shown by test to contain an Rh factor, while the mother’s are shown 
not to contain it); in the remaining instances there are other group 
differences, namely, of the A or B groups.** The complex genetics 
of the Rh-types has been studied by Wiener, Sonn and Polivka.** 
Newborn babies with this disease’ have enlargment of the liver and 
the spleen and often also of the adrenal glands, the heart and the 
pancreatic islets.*°* Similar enlargements occur in children of dia- 
betic mothers.'*°” and also occasionally without any known cause. The 
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mechanism of these changes is unknown. Histologically, extensive 
extramedullary blood formation is found in various organs in fetal 
erythroblastosis. However, this does not fully account for the gross 
changes just mentioned. Macklin *” suggests that erythroblastosis 
be diagnosed only if iron deposits due to hemolysis are demonstrable 
in the liver by histochemical means. 

Changes other than anemia and its immediate sequelae have been 
produced by heterospecific pregnancy. They are of great importance 
and perhaps not fully recognized at the present time. Universal hydrops 
of the fetus is a well known manifestation.**? It occurs occasionally 
without apparent relation to heterospecific pregnancy.*** ‘A reaction 
between antigen and antibody occurring in the body cells has been 
suggested as the cause of the damage of the liver, since the jaundice 
in some cases is out of proportion to the hemolysis.*°? The damage of 
the brain may be due to the damage of the liver,***¢ to the anemia *** 
or to agglutination thrombi lodged in cerebral blood vessels.*** If it 
occurs in jaundiced patients, it is often quite conspicuous as the 
so-called kernicterus (encephalomyopathy with icterus). The presum- 
able sequelae of this condition have been reviewed by Docter.**** In a 
small number of cases kernicterus is not associated with erythroblas- 
tosis.*°* There are indications that damage of the brain due to hetero- 
specific pregnancy may occur without other manifestations, remain 
unnoticed in the young infant and account for a considerable percentage 
of cases of undifferentiated feeblemindedness.*** Levine *** suggests 
that fetal or neonatal death without characteristic anatomic findings 
of hydrops or erythroblastosis may also be due to the same cause. 
Haldane *** estimates that the effects of Rh-group differences between 
mother and fetus account for more human deaths than any other genic 
difference. 

Wiener ** has recently stated that a difference of action between 
two kinds of antibodies which the mother may form accounts for. two 
different syndromes within the group of erythroblastosis (in the wider 
sense). Agglutinins are believed to cause fetal erythroblastosis (in the 
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strict sense), jaundice of the newborn (icterus gravis neonatorum) 
and encephalomyopathy with icterus (kernicterus). The agglutination 
thrombosis of blood vessels of various organs which Wiener holds 
responsible for damage of tissues, has not been found by other workers 
up to this time. If, on the other hand, blocking antibodies pass from 
the mother to the fetus, severe sequelae will include death of the fetus, 
which in many instances shows hydrops; in less severe involvement 
there will be congenital hemolytic anemia. The ability of the mother 
to produce one or the other kind of antibody against the fetal Rh 
antigen depends on a hereditary factor. 

The knowledge of heterospecific pregnancy has already led to the 
establishment of diagnostic methods and to rational directives for 
transfusion therapy of the hemolytic anemia. However, improved 
postnatal treatment will prevent death from anemia only. Other, per- 
haps more serious damage, which occurred before birth, cannot be 
undone. Investigators have not as yet established the full range of 
abnormal conditions caused by heterospecific pregnancy, particularly 
those in the field of neuropsychiatry. It may turn out that many of 
the infants who are saved by better postnatal care have severe defects 
unless, as Wiener **? has suggested, those infants who can be saved 
are not the ones with damage of the brain. 


(To Be Concluded) 
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Notes and News 


Appointments, Etc,—A. Learner, Oak Ridge Hospital, Oak Ridge, Tenn., is 
now pathologist at the Norwegian-American Hospital, Chicago, succeeding H. R. 
Fishback. 

In the college of medicine of the University of Nebraska, Omaha, John R. 
Schenken has been promoted from associate professor to professor of pathology 
and acting chairman of the department; J. P. Tollman has been appointed chairman 
of the department of clinical pathology and bacteriology; Pliney Allen has been 
appointed assistant professor of pathology and pathologist at the Immanuel 
Deaconess Institute, Omaha. 

Since his retirement as head of the department of pathology and bacteriology 
in the University of Nebraska College of Medicine, H. E. Eggers has been named 
director of the cancer control division of the state health department. 

Israel Davidsohn has resigned as associate professor of pathology in the Uni- 
versity of Illinois College of Medicine and has accepted appointment as professor 
of pathology and head of the department in the Chicago Medical School. 

F W. Sunderman has been appointed professor of clinical pathology in Temple 
University School of Medicine, Philadelphia. 


Awards.—The Nobel Prize in Medicine has been divided between Bernardo 
A. Houssay, Buenos Aires, Argentina, for his “discovery of the significance of the 
hormone produced by the frontal lobe of the hypophysis,” and Carl F. and Gerty 
T. Cori, Washington University, St. Louis, for their discovery of the “mechanism 
‘of enzymatic synthesis of glycogen or animal starch” through the isolation of 
phosphorylase. 

Kendall Emerson, New York, director of the National Tuberculosis Association, 
has received the 1947 Trudeau Medal for meritorious service in the campaign against 
tuberculosis. 

Awards of the Albert and Mary Lasker Foundation for 1947 have been given 
to: Thomas Parran, surgeon general, United States Public Health Service, as a 
special award for the work he has done toward the control of venereal disease ; 
O. T. Avery, of the Rockefeller Institute for Medical Research, for studies on the 
antigenic constitution of bacteria; to Thomas Francis Jr., of the University of 
Michigan, for his contribution to the knowledge of influenza; to H. W. Smith, 
New York University College of Medicine, for studies in cardiovascular and renal 
physiology, and to Alice Hamilton, Hadlyme, Conn., for her services in the pre- 
vention of occupational diseases. 


Society News.— At the annual meeting of the Oklahoma Association of 
Pathologists, Béla Halpert was elected president and Emil Patek vice president. 
J. N. Owens Jr., Shawnee, is the secretary-treasurer. 

The National Society for Medical Research was organized in 1946 by the 
medical colleges, research hospitals and other institutions interested in biology, 
medicine, dentistry, pharmacy and veterinary medicine, to promote a better public 
understanding of the principles and methods of scientific investigation. The presi- 
dent is A J. Carlson, the secretary-treasurer A. C. Ivy, and the executive secretary 
R. A. Rohweder (25 East Washington Street, Chicago 2). 

_ At the twenty-sixth annual meeting, the American Society of Clinical Patholo- 
gists inducted T. J. Curphey as president and O. A. Brines was made president- 
elect. The Ward Burdick Award was given to Charles Sheard for his work in 
photelometry and spectrophotometry. 
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Books Received 


Le GRANULOMATOSI FuNGINE DeLt’voMo NELLE Recione TRoPICALI E Sus- 
TROPICALI. By Piero Redaelli, director of the Institute of Anatomy and Pathologic 
Histology of the University of Milan, and Raffaele Ciferri, director of the Botanical 
Institute, Faculty of Agriculture and Forestry, of the University of Florence. 
Pp. 698, with 195 illustrations. Price 4,000 lires. Florence, Italy: S. E. S., 1942. 

The names of Redaelli and Ciferri attached to a book on mycoses is enough to 
arouse great expectations. In the introduction the authors make honorable mention 
of twenty-three predecessors of the present time who have undertaken the difficult 
task of dealing in a systemic fashion with fungi and fungi-produced diseases. It 
must be recognized that this most congenial association of a pathologist (Redaelli) 
and a botanist (Ciferri), each an authority in his field, has resulted in a monu- 
mental work which surpasses many of the previous efforts of others, being com- 
plete and thorough both from the mycologic and from the medical standpoint. As 
such, the book represents an excellent addition both to the library of the botanist 
and to that of the physician. 

The 698 pages of the book are divided into 16 clear, concise and beautifully 
illustrated chapters. The first four chapters of the general part are devoted to the 
classification of the fungi, to their geographic distribution and to problems of 
climate, and they offer an excellent understanding of the immunobiologic and 
morphologic aspects of the development of the mycoses. 

Each of the 12 chapters of the special part deals with its topic systematically 
and easily carries the reader from the early, well documented historical observa- 
tions to the most modern views on classification, etiologic factors, morphologic 
aspects and treatment. The system adopted is rigidly applied to each chapter, 
resulting in an exhaustive study of the granulomatoses due to Actinomyces, Rhino- 
sporidium, Coccidioides, Paracoccidioides, Sporotrichum, Blastomyces and other 
fungi. 

Of particular interest are the chapters on “Darling histoplasmosis” as a systemic 
disease of the reticuloendothelial system and on hyphomycosis, hemisporosis and 
oosporosis, mainly based on the wide experience of the authors. 

An impartial, well assembled bibliography is attached to each chapter. 

Both the writers and the publisher are to be congratulated on this magnificent 
volume, a translation of which would certainly represent a valuable addition to 
the American literature on’ mycoses. 


ENcYcLopepIA OF ENpocrinoLocy. By Hans Selye, M.D., Ph.D. (Prague), 
D.Sc. (McGill), F.R.S. (Canada), professor and director of the Institute of Experi- 
mental Medicine-and Surgery, University of Montreal. Section IV, “The Ovary” : 
Volume VII, “Ovarian Tumors” (pp. 349 and 38 plates), and Bibliography (pp. 
427). Price $21.75. Montreal: Richardson, Bond and Wright, 1946. 


This booksis in two parts, of which one is loose leaf and the other permanently 
bound. The former contains 289 pages of text with detailed descriptions of ovarian 
tumors, a subject index and numerous photographs, photomicrographs and draw- 
ings. It also contains a 60 page list of periodicals. The second part is a bibliog- 
raphy of 427 pages containing references to about 17,000 papers. To eliminate the 
possibility of errors in typesetting, this part was printed with electromatic type- 
writers and subsequently reproduced by a photographic process. 


561 


a 
] 


562 ARCHIVES OF PATHOLOGY 


The “Encyclopedia of Endocrinology” as planned will consist of ten sections. 
This book is part of the fourth section. It is the second to be published, having 
been preceded, in 1943, by section I, entitled “Classified Index of the Steroid 
Hormones and Related Compounds.” Section IV, “The Ovary,” will eventually 
be composed of seven volumes, of which this is the last. The purpose of the 
encyclopedia is “. . . to demonstrate—using endocrinology as an example—the 
essential feasibility of a rational classification and evaluation of all publications 
pertinent to a large field of medicine.” The author was disturbed by the possibility 
that scientific production might outgrow classification and critical evaluation of 
the data. Having in his library 250,000 entries to subjects in endocrinology, he 
began the encyclopedia. The loose leaf system was used to permit easy revision, 
in part or in whole. 

This volume is truly encyclopedic in the best sense. All types of ovarian and 
paraovarian tumors occurring in man and animals are discussed critically and, 
presumably, exhaustively as well. The writing is authoritative without being 
dogmatic. Every one who deals with ovarian tumors should have access to this 
exceptionally complete and valuable volume. 
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